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geologic  and  historic  time,  many  marine 

organisms  have  gone  extinct  along  the 

Atlantic  coast  of  North  America.  New 

species  from  around  the  world  have 
invaded  our  shores,  radically  changing 

the  mix  of  occupan  ts  and  even  the 

appearance  of  the  seaweed.  Humans 
have  caused  many  changes  in  recent 

centuries.  To  unravel  these  life-and-death 
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fox  approaches?  After  observing 

thousands  of  hours  of  interactions  on  the 

Somerset  plains  of  England,  he  concludes 

that  the  hare  is  telling  the  fox,  “I  see  you. 
Dorit  waste  your  energy — or  mine — by 
chasing  me,  since  /  can  run  faster  than 

you  can’.' 
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The  Evolution  of  Creationism 

God’s  Own  Scientists 
A  creationist  study  group  grapples  with  Darwin 

by  Christopher  P.  Tourney 

On  the  second  Thursday  of  the  month, 

for  nine  or  ten  months  each  year,  a  small 

number  of  men  gather  at  the  comfortable 

suburban  home  of  a  science  professor  at  a 

major  North  Carolina  public  university. 

The  group’s  object  is  the  serious  study  of 
the  scientific  case  for  creationism,  and  its 

regular  members  include  another  science 

professor  from  the  same  university,  a  com¬ 
puter  engineer,  an  electronics  technician, 

two  lab  scientists,  and  two  medical  doc¬ 
tors.  Others  who  attend  occasionally  are 

college  students,  electrical  engineers,  and 

more  lab  scientists.  Preachers  come  by 
rarely. 

The  participants  begin  to  arrive  about 

7:15  in  the  evening  and  proceed  to  a  pan¬ 
eled  den  at  the  back  of  the  house.  There 

they  chat  about  jobs  and  families,  trading 

comments  about  computer  software,  labo¬ 

ratory  procedures,  and  their  children’s 
schools,  or  they  browse  through  National 

Geographic,  American  Scientist,  or  evan¬ 
gelical  magazines  such  as  Christianity 

Today  and  Moody  Monthly.  When  all  who 

are  expected  have  arrived,  the  second  sci¬ 
ence  professor  begins  the  meeting  with  an 

evangelical  prayer,  in  which  he  asks  God 

to  bless  their  evening  together  and  en¬ 
lighten  them. 

Since  many  in  the  group  also  attend 

weekly  Bible  study  groups  on  Wednesday 

nights  at  their  homes  or  churches,  the 

lessons  from  those  meetings  often  influ¬ 
ence  the  Thursday  sessions.  For  example, 

over  many  months  (while  I  attended  as  an 

anthropologist — and  evolutionist — re¬ 

searching  creationism  in  modem  Amer¬ 

ica),  they  kept  up  an  irregular  commentary 

Adapted  from  God's  Own  Scientists:  Creationists  in  a  Secular 
World,  by  Christopher  P.  Tourney  (New  Brunswick:  Rutgers 

University  Press,  1994) 

on  the  meaning  of  the  Hebrew  word  yom, 

which  is  the  word  for  day  in  the  six  days  of 
Creation  in  Genesis.  In  modem  creationist 

orthodoxy,  as  handed  down  by  Henry  M. 

Morris,  a  former  engineering  professor  in 

southern  California,  the  days  of  Creation 

are  literal,  twenty-four-hour  days.  To  dis¬ 

courage  figure-of-speech  interpretations 
of  yom,  Morris  teaches  that  yom  has  the 

same  meaning  in  every  biblical  verse  in 

which  it  appears.  Members  of  the  study 

group  follow  Morris’s  teachings,  and  some 
attend  conservative  Bible  study  groups 

that  take  a  similar,  literalistic  interpreta¬ 
tion.  Others,  who  attend  less  structured 

Bible  study  groups,  say  they  have  heard 

that  yom  usually  means  twenty-four  hours, 
but  that  it  sometimes  could  be  a  figure  of 

speech,  as  in,  “In  the  day  of  prosperity  be 

joyful”  (Eccl.  7:14)  or  “the  day  of  the 
Lord”  (Isa.  2:12). 

Mostly,  however,  the  meetings  are  tech¬ 
nically  oriented,  as  the  participants  seek  to 
relate  scientific  evidence  to  creationism. 

At  the  first  meeting  I  attended,  the  topic 

was  the  cosmological  theory  of  the  infla¬ 
tionary  universe  as  proposed  by  physicist 
Alan  Guth.  The  leader  of  the  discussion, 

the  science  professor  who  hosted  the 

group,  began  by  summarizing  several  arti¬ 
cles  he  had  read  recently  in  American  Sci¬ 

entist,  Science,  and  Scientific  American. 

Neither  he  nor  anyone  else  in  the  room 

claimed  any  special  expertise  in  astro¬ 

physics;  they  behaved  like  any  other  curi¬ 

ous  group  of  intelligent  nonphysicists  try¬ 
ing  to  understand  new  developments  in 

physics.  No  one  tried  to  make  Guth’s 
model  conform  to  biblical  imagery;  no 

one  even  mentioned  the  Bible  during  that 

evening’s  discussion. 
Henry  Morris  and  his  followers  believe 

that  the  six-day  Creation  and  Noah’s  Flood 

were  historical  events  whose  authenticity 

supports  a  conservative  interpretation  of 

Judeo-Christian  morality.  They  also  be¬ 

lieve,  however,  that  scientific  evidence  for 

the  Creation  and  the  Flood  can  be  distin¬ 

guished  from  the  words  of  Genesis.  This 

data,  they  argue,  can  be  honestly  studied 
and  taught  as  science  in  the  public  schools 

without  violating  the  constitutional  sepa¬ 
ration  of  church  and  state.  With  this  rea¬ 

soning,  the  members  of  the  discussion 

group  want  their  arguments  on  behalf  of 
creationism  to  be  scientifically  credible, 

and  they  worry  about  this  very  much. 

For  example,  one  of  the  participants  be¬ 
came  interested  in  the  theories  of  Barry 

Setterfield,  an  Australian  creationist  who 

asserts  that  the  speed  of  light  was  much 

greater  in  the  past,  but  that  it  has  since  de¬ 
creased,  leveling  off  fairly  recently  at  the 

rate  we  know  today,  about  186,000  miles 

per  second.  Setterfield’s  calculations  dove¬ 
tail  nicely  with  certain  creationist 

chronologies  that  say  the  universe  is  less 

than  10,000  years  old.  But  one  of  the 

group  leaders  cautioned  against  Setter- 
field’s  theory.  He  had  asked  Henry  Morris 
about  it,  he  said,  and  Morris  had  told  him 

that  the  staff  physicist  at  Morris’s  Institute 
for  Creation  Research  was  very  skeptical 
about  Setterfield.  After  that,  they  did  not 
raise  the  subject  again. 

Often  the  evening  emphasizes  an  edu¬ 

cational  program,  of  about  an  hour’s 

length,  produced  by  Henry  Morris’s  insti¬ 
tute — a  film,  tape,  or,  most  typically,  a 
slide  show.  These  packaged  programs  tell 

the  group  little  that  they  have  not  already 
heard,  but  the  members  nevertheless  study 

the  messages  carefully,  for  they  will  be  ex¬ 

pected  to  bring  these  programs  to  their 
own  Bible  study  groups,  Sunday  schools, 
and  churches.  Five  or  six  of  the  members 
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have  spoken  often  in  public  on  behalf  of 

scientific  creationism,  so  they  are  comfort¬ 

able  rearranging  and  editing  these  materi¬ 
als  to  suit  themselves,  but  otherwise  they 

defer  very  modestly  to  Morris’s  authority, 
which  they  never  challenge. 

The  creationists  turn  to  Henry  Moms 

for  more  than  just  technical  expertise:  he  is 

their  hero,  their  inspiration.  One  of  the 

founders  of  the  group,  an  electronics  engi¬ 
neer,  traces  his  commitment  to  scientific 
creationism  to  the  time  he  met  Morris  in 

San  Diego.  He  says  he  was  greatly  im¬ 
pressed  that  Morris,  a  distinguished  fellow 

engineer,  explained  creationism  and  the 

problems  of  evolution  in  terms  of  their 

common  professional  standards;  before 

that,  he  had  thought  that  creationism  was 

only  a  religious  idea. 
These  creationists  also  admire  Henry 

Morris  for  several  biblical  commentaries 

he  has  written,  one  on  Genesis  and  another 

on  Revelation.  They  play  no  role  in  the 

group’s  scientific  discussions  because  their 
content  is  traditional  biblical  exegesis,  not 

technical  information,  but  these  volumes 
remind  the  local  creationists  that  Morris  is 

a  spiritual  leader,  as  well  as  a  scientific  au¬ 

thority.  They  say  to  one  another  that  it’s 
amazing  that  one  man  can  do  so  much. 

This  kind  of  comment  then  leads  into  folk¬ 

lore  about  the  life  of  Henry  Morris.  Ac¬ 

cording  to  one  story  I  heard  several  times, 
Morris  is  a  workaholic  who,  fortified  by 

strong  coffee,  often  stays  up  all  night  writ¬ 

ing.  Another  tells  of  Morris’s  anguish  over 
a  son  who  was  dissolute  and  disrespectful, 

but  who,  because  of  Morris’s  perseverance 
in  his  ministry,  had  a  change  of  heart  and 

became  a  reputable  Christian. 
One  memorable  evening,  in  place  of  the 

usual  format,  the  group  arranged  for  space 

at  a  church  and  invited  the  public  to  a  spe¬ 

cial  presentation  by  a  man  they  had  heard 

was  a  good  creationist  speaker.  About  fifty 

people  came  to  hear  Arleton  C.  Murray,  a 

short,  pudgy  man  with  receding  gray  hair, 

who  called  himself  Mr.  Fossil.  He  ap¬ 

peared  wearing  a  khaki  bush  jacket  with  a 

Tyrannosaurus  rex  embroidered  on  the  left 

breast,  a  small  badge  reading  “Creation 

scientist”  on  the  right  lapel,  and  a  Gideon’s 
badge  on  the  left  lapel  (the  Gideons  are 

Christian  businessmen  best  known  for  dis¬ 

tributing  Bibles  to  the  public). 

After  the  opening  prayer  and  a  vague 

introduction,  Mr.  Fossil  explained  that 

many  years  earlier  he  had  been  a  fossil 

preparator  in  the  Department  of  Vertebrate 

Paleontology  at  the  Smithsonian  Institu- 

MAL/0U  BEACH 
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tion.  He  had  been  very  interested  in  nature 

ever  since  childhood,  he  said,  but  he  was 

told  that  “it  never  had  God  behind  it.” 

While  at  the  Smithsonian,  “I  didn’t  know 
about  Jesus  Christ  as  my  savior.  I  used  to 

annoy  prayer  meetings;  I  was  interested  in 

drinking  liquor  and  smoking  cigars.”  One 
night,  he  continued,  he  went  to  an  evan¬ 

gelical  revival  in  Greenbelt,  Maryland,  in¬ 
tending  to  scoff  at  the  preacher.  Instead,  he 

told  us,  he  was  moved  by  the  things  the 

preacher  said  and  became  a  Christian  that 

night.  Soon  afterward,  he  started  speaking 

out  against  evolution. 

He  went  on  to  say  that  the  Smithsonian 

paleontologists  heard  about  an  antievolu¬ 
tionary  talk  he  gave  at  Washington  Bible 

College.  His  boss  confronted  him  the  next 

day,  demanding  that  he  cease  such  activi¬ 

ties.  “He  said  I  had  to,  but  I  said  I  didn’t 
have  to,  and  I  just  walked  out  and  never 

went  back.” 

From  this  point  on,  Mr.  Fossil  illus¬ 
trated  his  talk  with  exciting  slides  of  his 

finding  dinosaur  fossils,  excavating  them, 

and  reassembling  them  at  the  museum.  As 

he  related  his  fossil-finding  experiences  in 
Nebraska  and  Panama,  he  easily  won  the 

respect  of  the  audience:  here  was  a  cre¬ 
ationist  who  undoubtedly  was  a  scientist. 

Next  he  launched  a  venomous  attack  on 

evolution.  “All  museums  teach  the  doc¬ 

trine  of  evolution,”  he  said.  “They’re  all 
Karl  Marx.”  He  declared  that  “Fossils  are 

the  Waterloo  of  evolution,”  that  the  fossil 

rooms  of  the  museums  are  “taboo  to  the 
public;  they  might  find  out  something.... 
Evolution  is  a  fake  and  a  lie  of  the 

Devil....  Evolutionists  actually  believe  a 

watch  would  evolve  from  a  hairspring  and 

filings.” 
This  was  fundamentalist  preaching  at 

its  finest,  faithfully  following  the  classic 

pattern  of  first  confessing  a  sinful  life,  then 

describing  the  personal  conversion,  and  fi¬ 

nally  atoning  by  exposing  the  lurid  secrets 
of  the  evildoers.  But  Mr.  Fossil  was  not 

through  yet.  After  dismissing  evolution, 

he  led  the  audience  through  his  own  scien¬ 
tific  case  for  creationism.  Fossils,  he  said, 

are  evidence  of  the  Flood.  For  example, 

the  deposits  at  Agate  Springs,  near 

Carnegie  Hill,  in  Nebraska  contain  numer¬ 

ous  species  together.  “Only  a  great  cata¬ 

strophe  like  a  flood  could  mix  them  all  to¬ 

gether  like  this.”  Furthermore,  the  fossil 
forms  of  leaves,  shrimps,  tapirs,  and 

starfish  are  just  like  today’s  forms,  show¬ 
ing  no  sign  of  change. 
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The  Evolution  of  Creationism 

By  this  point,  the  members  of  the  local 

creationist  group  were  beaming,  enjoying 

every  minute  of  this  presentation.  But  as 
he  neared  the  end  of  his  talk,  Mr.  Fossil 
declared  that  dinosaurs  and  men  had  never 

lived  together.  Dinosaurs  did  not  become 

extinct  in  Noah’s  Rood,  he  explained;  they 
perished  in  a  previous  catastrophe  he 

called  Lucifer’s  Flood.  After  that,  the 

world  became  “without  form,  and  void” 
(Gen.  1 :2).  The  six-day  Creation,  accord¬ 

ing  to  Mr.  Fossil,  was  consequently  a  re¬ 
creation  of  the  earth  and  its  creatures,  now 

including  man. 

I  don’t  think  many  in  the  audience  no¬ 
ticed  anything  amiss  in  this  explanation, 
but  I  saw  that  the  local  creationist  leaders 

were  aghast.  In  terms  of  Henry  Morris’s 
creationist  orthodoxy,  Mr.  Fossil  was  pre¬ 
senting  the  heresy  called  Gap  Theory, 

meaning  there  was  a  long  period  of  time,  a 

gap,  between  the  events  of  the  first  and 

second  verses  of  Genesis.  Thus  many  geo¬ 

logical  changes  could  have  happened  be¬ 

fore  the  six-day  Creation.  Still  worse,  Mr. 

Fossil  then  attacked  Henry  Morris  person¬ 

ally,  saying,  “Morris  and  his  friends  know 
nothing  about  fossils;  Morris  is  an  engi¬ 

neer,  not  a  paleontologist.” 
Mr.  Fossil  justified  his  own  theory  of 

Lucifer’s  Flood  by  saying  it  came  to  him 

“as  the  spirit  moved  me.”  This  was  a  per¬ 
fectly  credible  explanation  to  most  in  the 

fundamentalist  audience,  but  wholly  out 

of  place  to  those  sensitive  to  issues  of  sci¬ 

entific  evidence.  After  a  very  brief  ques- 

tion-and-answer  session,  the  moderator, 

who  was  plainly  rattled  by  Mr.  Fossil’s 

comments,  abruptly  ended  the  evening’s 

program  by  saying  meekly,  “Well,  uh,  this 
shows  you  that  not  all  creationists  agree  on 

everything.” 
At  the  group’s  next  meeting,  the  previ¬ 

ous  month’s  debacle  was  the  first  item  of 
discussion.  One  of  the  leaders  said  he  had 

asked  some  people  about  Mr.  Fossil  and 

had  a  story  to  tell.  It  seemed  that  Henry 

Morris  had  once  been  on  the  verge  of  hav¬ 

ing  Mr.  Fossil  run  the  Institute  for  Cre¬ 

ation  Research’s  Museum  of  Creation, 
which  at  that  time  consisted  of  four  small 

rooms  at  the  back  of  the  institute’s  head¬ 

quarters.  Morris  apparently  did  not  antici¬ 

pate  Mr.  Fossil’s  views  on  biblical  floods, 
and  Mr.  Fossil  had  not  yet  seen  the  mu¬ 

seum  displays,  which  categorically  ex¬ 

cluded  Gap  Theory  and  Lucifer’s  Rood. 
At  first  the  two  men  hit  it  off  well,  but 

when  Mr.  Fossil  saw  the  exhibits,  he  sized 

up  the  situation  and  left  quickly,  never  to 

return.  At  this,  the  local  creationists  listen¬ 

ing  to  the  story  laughed.  The  tension  had 

been  broken.  True,  they  had  let  themselves 

be  hoodwinked  by  Mr.  Fossil,  but  so  had 

Henry  Morris.  With  this  perspective,  their 

embarrassment  wasn’t  so  bad  after  all. 
The  same  evening,  they  turned  to  a  slide 

show  that  discussed  adaptation  in  the  nat¬ 
ural  world.  The  show  had  two  things  to  say 

about  adaptation.  First,  adaptation  is  evi¬ 

dence  of  God’s  design.  When  a  creature’s 
behavior  and  anatomy  are  intimately  re¬ 
lated  to  the  environmental  conditions 

around  it,  this  can  be  interpreted  to  mean 

that  God  has  planned  the  natural  world 

very  carefully.  Second,  the  slide  show  dis¬ 
tinguished  adaptation  from  speciation, 

calling  the  first  “microevolution”  and  the 
second  “macroevolution.”  It  accepted  that 

adaptation  occurs,  and  that  it  is  observ¬ 
able,  giving  the  classic  example  of  the 

English  peppered  moths,  wherein  scien¬ 
tists  documented  a  dramatic  change  in  the 

proportion  of  darker  colored  moths  in  the 

population.  The  creationist  position  was 
that  this  was  only  microevolution,  and 

provided  no  support  for  the  view  that  new 

species  evolve. 

In  the  group’s  discussion  following  the 
slide  show,  one  of  the  creationists  sur¬ 
prised  me  by  saying  very  emphatically 

that  the  case  of  the  peppered  moths  proves 

what  the  evolutionists  allege  about  adapta¬ 
tion;  he  went  on  to  say  that  he  believed  in 
some  evolution,  that  some  evolution  does 

occur.  Another  then  chimed  in  to  say  that 

natural  selection  occurs  regularly  in  na¬ 

ture,  just  as  the  evolutionists  claim  it  does. 
From  this  exchange  and  others,  I  saw  that 

the  members  of  the  creationist  study  group 
could  be  flexible  in  their  beliefs  when 

gathering  privately,  although  in  public  ap¬ 
pearances  and  public  statements  they 

tended  to  close  ranks  in  defending  their  or¬ thodoxy. 

One  evening  we  viewed  a  creationist 

film  about  hominid  fossils.  Its  narrator  dis¬ 
cussed  the  Piltdown  Man  and  Nebraska 

Man  hoaxes  to  make  the  point  that  evolu¬ 

tionary  assumptions  lead  to  foolish  mis¬ 
takes.  He  also  compared  the  teeth  and  jaws 

of  a  young  girl  with  those  of  a  chimpanzee 

to  suggest  that  it  was  easy  to  overempha¬ 
size  superficial  similarities  and  overlook 

important  differences.  The  movie  con¬ 
cluded  with  the  idea  that  anatomical  simi¬ 

larities  between  species  should  be  inter¬ 
preted  as  functional  similarities  designed 

by  God,  not  as  evolutionary  links  from common  ancestry. 

After  the  film,  one  of  the  leaders  turned 

to  me,  saying,  “Chris,  you’re  an  anthropol¬ 

ogist.  You  probably  know  these  fossils 
better  than  we  do.  Maybe  you  can  tell  us 

what  weaknesses  the  film  had  that  we 

didn’t  notice  because  we’re  creationists.” 
As  tactfully  as  I  could,  I  replied  that  this 

film,  like  much  creationists  literature,  de¬ 

scribed  differences  between  hominid  fos¬ 

sils  in  terms  of  two  extreme  polarities,  la¬ 

beling  them  either  as  obvious  apes  or  as 

modem  humans,  with  nothing  transitional 

in  between.  However,  I  went  on,  there  is  a 

credible  continuum  of  fossil  features  be¬ 

tween  the  apelike  early  australopithecines 

and  the  recent  Cro-Magnons. 

One  of  the  creationists  responded  that 

he’d  heard  that  Neanderthal  skulls  fit 

within  the  range  of  modem  human  varia¬ 

tion,  and  asked  if  this  were  true.  “The 
largest  and  most  rugged  modem  human 

skulls,”  I  replied,  “are  probably  Eskimo 
skulls.  Neanderthal  skulls  are  probably 

more  rugged  than  those.”  At  that  point  an¬ other  of  the  creationists,  a  veterinarian, 

commented  that  if  Neanderthals  were 

within  the  modem  human  range,  as  cre¬ 
ationists  say,  even  if  at  the  end  of  the  range 

adjacent  to  Eskimos,  the  creationist  scien¬ 

tists  ought  to  be  able  to  find  some  Nean¬ 

derthals  in  the  world’s  population  today. 
None  of  us  knew  what  to  say  to  that. 

Next,  I  was  asked  my  opinion  about 

studies  of  chimpanzee  communication. 

“They  show  chimps  are  very  clever,”  I  re¬ 

sponded,  “but  they  don’t  prove  chimps 
have  human  language  capacities  or  that 

chimp  communication  is  a  prototype  of 

human  language.”  I  added  that  many  an¬ 
thropologists  are  less  skeptical  than  I  am 
about  this.  The  veterinarian  observed  that 

many  animals  are  clever,  but  that  this  does 

not  prove  evolution.  He  then  went  on  to 

emphasize  how  intelligent  some  animals 

are,  telling  us  of  his  familiarity  with  ani¬ 
mals  and  his  concerns  about  animal  wel¬ 
fare  in  research  labs.  He  almost  seemed  on 

the  brink  of  acknowledging  a  continuum 

between  humans  and  animals.  Suddenly, 

however,  he  switched  to  a  rambling  tirade 
about  how  evolutionists  do  not  want  to 

admit  that  they’re  living  in  sin. 
Now  the  discussion  had  come  full  cir¬ 

cle,  back  to  hearty  denunciations  of  evolu¬ 

tion.  A  doctor  remarked,  “I’ve  studied 
Darwin  and  the  other  evolutionists  care¬ 

fully,  and  I’ve  found  that  there’s  nothing  in 
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it  worth  believing.  Sure,  the  peppered 

moths  changed,  but  that’s  just  genetic  vari¬ 
ation,  not  evolution.” 

At  this  point,  the  meeting  came  to  its 

logical  end.  To  my  surprise,  I  was  invited 

to  lead  the  closing  prayer.  I  thought  to  say 

no,  I’m  the  anthropologist,  the  observer, 

the  evolutionist,  the  guy  you  don’t  really 
want  to  lead  you  in  prayer.  But  I  saw  that 

they  were  showing  appreciation  for  my 

words  about  fossils  and  chimps,  or  at  least 

their  honesty,  if  not  their  substance.  This 

meant  that  the  creationists’  discussions  in 
response  to  my  comments  had  been  good, 

that  I  hadn’t  derailed  the  meeting. 
I  stifled  my  instinct,  as  a  Catholic,  to 

blurt  out  a  Hail  Mary — not  the  kind  of 
prayer  I  had  been  invited  to  lead.  In  my 

mind  I  reviewed  the  common  pattern  of 

evangelical  prayer — I  had  heard  many 

hundreds  over  the  previous  years — and 
began  in  a  calm,  clear  voice: 

God  our  Father,  as  we  gather  here  tonight  in 

your  heavenly  presence,  we’re  really  glad  to 
be  able  to  come  together  again  to  study  the 

wonders  of  your  Creation,  and  to  share  fel¬ 
lowship  with  each  other  for  this  purpose. 

We’re  happy  that  these  folks  have  been  able 

to  be  here  tonight.  We  don’t  always  under¬ 

stand  what  you  mean  in  the  Creation  you’ve 

given  us,  and  we  don’t  always  agree  about 
it.  But  we’re  thankful  for  this  wonderful  gift 

you’ve  given  us.  We  say  this  in  Jesus’  name. Amen. 

When  I  got  home  that  night,  I  wondered 

whether  by  leading  the  prayer  I  had  in 

some  way  deceived  these  creationists 

about  my  work  or  my  beliefs.  I  had  told 

them  many  times  that  I  was  not  a  creation¬ 
ist  and  was  not  trying  to  pose  as  one. 

When  pressed  about  my  personal  views  on 

evolution  and  science,  I’d'say  that  I  was  a 
Catholic,  that  I  got  my  faith  and  morals 

from  revelation  and  inspiration,  not  from 

biology  or  geology  or  anthropology.  To 

me,  I  would  explain,  evolution  is  an  em¬ 

pirical  fact,  not  a  spiritual  truth;  I  do  not 

search  it  for  God  or  godliness. 

But  since  I  seldom  volunteered  my  own 

views  at  the  group’s  meetings,  and  did  not 
argue  against  creationism,  they  might 

have  thought  I  agreed  with  their  creation¬ 
ist  beliefs,  or  was  drifting  toward  them. 

With  this  in  mind,  I  was  concerned  that 

saying  the  prayer  could  have  added  to  that 

impression.  But  I  needn’t  have  worried. 

Following  that  evening,  they  took  to  intro¬ 
ducing  me  to  other  creationists  by  saying, 

“This  is  Chris  Tourney.  He’s  an  evolution¬ 

ist,  but  he’s  our  friend.”  □ 
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The  Evolution  of  Creationism 

The  Struggle  for  the  Schools 
Despite  a  1987  rebuff  from  the  Supreme  Court,  creationists  are  still  pushing  for  equal  time  in  science  classes 

by  Eugenie  C.  Scott 

Late  last  year,  a  letter  received  at  the 
National  Center  for  Science  Education 

from  one  of  our  Alaskan  members  re¬ 

minded  me  that  even  though  some  things 

change  in  the  creation-evolution  conflict, 
old  battles  continue.  My  job  is  to  help 

teachers  teach  evolution  when  they  are 

pressured  not  to,  and  to  help  people  cope 

with  attempts  to  insert  the  biblical  story  of 

the  Creation  into  science  classes.  The  let¬ 
ter  alerted  me  that  the  Alaska  State  Board 

of  Education  was  debating  a  requirement 

that  teachers  give  creationism  equal  status 

alongside  evolution  in  science  classes, 

even  though  the  Supreme  Court  outlawed 

such  “equal  time”  provisions  in  1987.  In 
Alaska,  as  usually  happens  when  such  at¬ 

tempts  are  made  to  legally  enforce  cre¬ 
ationism,  cooler  heads  prevailed  and  the 

requirement  was  not  added  to  the  guide¬ 

lines.  But  more  frequently,  I  am  con¬ 
fronted  by  evolved  forms  of  creationism 

designed  to  sidestep  the  legal  prohibitions. 

By  the  turn  of  the  twentieth  century, 

evolutionary  theory  had  captivated  the 

world  of  science  and  had  even  begun  to 
take  hold  in  American  textbooks.  Some 

citizens,  distressed  at  these  developments, 

lobbied  for  legislation  against  the  teaching 

of  evolution  in  the  public  schools.  John 

Scopes  was  convicted  under  Tennessee’s 
antievolution  law  in  1925,  in  the  so-called 

Monkey  Trial.  Although  the  Supreme 
Court  struck  down  such  laws  in  1968, 

antievolutionists  have  never  given  up  the 

struggle. 

Antievolutionism  in  America  is  largely 
the  creature  of  a  Christian  fundamentalist 

theology  that  was  built  upon  five  core  be¬ 

liefs,  called  “the  Fundamentals,”  which 
had  crystallized  by  about  1915.  The  first 

of  these  argued  that  the  Bible  should  be 

read  literally,  not  interpreted.  The  Bible 

said  not  only  that  God  created  the  uni¬ 

verse,  but  also  how — all  at  one  time,  over 

six  24-hour  days,  and  only  a  few  thousand 

years  ago.  Evolution  contradicted  the  bib¬ 
lical  account  of  the  Creation  by  proposing 

that  the  universe  came  into  being  over  a 

vast  period  of  time,  and  that  living  forms 
descended  with  modification  from  earlier 

ones.  Most  Catholic  and  Protestant  clergy, 

while  stressing  the  ultimate  creative  role 

of  the  Deity,  were  willing  to  leave  the  de¬ 
tails  to  science,  but  fundamentalists  re¬ 

jected  any  such  compromise. 

Fundamentalists  did  not  oppose  evolu¬ 

tion  just  because  they  believed  it  contra¬ 

dicted  God’s  Word.  After  all,  so  did  spher¬ 
ical-earth  geology  and  heliocentrism;  but 

by  the  early  twentieth  century,  few  Chris¬ 
tians  interpreted  the  Bible  literally  on 
those  issues.  The  evidence  of  science  on 

the  shape  and  location  of  the  earth  is  also 

accepted  by  most  creationists  today,  al¬ 
though  some  still  argue  that  the  earth  is  the 

center  of  the  solar  system. 

But  tum-of-the-century  fundamental¬ 
ists  were  convinced,  as  are  their  modem 

descendants,  that  acceptance  of  evolution 

breeds  not  only  theological  problems  but 

also  moral  ones.  The  most  influential  cre¬ 

ationist  of  this  century,  Elenry  M.  Morris, 

has  blamed  evolutionary  theory  for  “com¬ 
munism,  fascism,  Freudianism,  social 

Darwinism,  behaviorism,  Kinseyism,  ma¬ 
terialism,  atheism,  and,  in  the  religious 

world,  modernism  and  neo-orthodoxy.” 
The  worry  is  that  if  children  learn  evolu¬ 
tion  they  will  reject  God.  Lacking  faith, 

children  may  accept  “nature  red  in  tooth 

and  claw”  as  the  only  morality  and  fall 
into  evil  ways.  Believers  in  evolution,  ac¬ 

cording  to  Morris,  will  be  lost  to  salvation 
and  face  eternal  damnation. 

After  1968,  when  the  attempt  to  exclude 

evolutionary  teaching  from  the  public 

schools  was  outlawed  by  a  decision  of  the 

Supreme  Court  ( Epperson  v.  Arkansas ), 

creationists  sought  equal  time  for  their 
own  views.  Since  the  teaching  of  religious 

beliefs  would  violate  the  constitutional 

separation  of  church  and  state,  creationists 

repackaged  the  Bible  as  science  to  give  it  a 

legitimate  position  in  the  curriculum.  The 

result  was  the  birth  of  “scientific  creation¬ 

ism,”  the  idea  that  scientific  data  exist  to 
document  the  sudden  creation  of  the  uni¬ 
verse  in  the  not-too-distant  past. 

Overwhelmingly,  scientists  who  have 

analyzed  these  arguments  have  concluded 

that  creation  science  misstates  evolution¬ 

ary  theory,  presents  erroneous  data,  and 
reveals  a  gross  misunderstanding  of  the 

nature  of  science  ( see  “The  Flood  of 
Antievolutionism,”  by  Laurie  R.  Godfrey, 
Natural  History,  June  1981).  But  during 

the  1970s,  several  organizations,  the 

largest  being  Morris’s  Institute  for  Cre¬ ation  Research,  in  California,  and  the 

Bible-Science  Association,  in  Minnesota, 

successfully  promoted  the  idea  that  cre¬ 
ationism  and  evolution  should  be  taught 

side  by  side  in  science  classes  as  “two 
models”  or  “two  theories.”  Their  appeal 
for  fairness  won  creation  scientists  more 

support  than  their  science. 

By  the  late  1970s,  at  least  twenty-six 

state  legislatures  were  considering  “equal 
time”  laws.  Two  states,  Arkansas  and  Lou¬ 
isiana,  passed  such  legislation,  and  both 
laws  were  immediately  challenged  in  the 

courts  and  struck  down.  In  1987,  the  Lou¬ 
isiana  case  reached  the  Supreme  Court, 

which  proclaimed  in  Edwards  v.  Aguillard 
that  creationism  is  inherently  a  religious 

idea.  Its  teaching  thus  represents  a  state 

advocacy  of  religion,  violating  the  estab¬ 
lishment  clause  of  the  first  amendment  to 

the  Constitution. 

Since  1987,  the  attempts  to  give  equal 

time  to  creation  science  have  dwindled,  al- 
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The  Evolution  of  Creationism 

though  they  still  occur.  For  example,  a 

school  district  in  Vermont  passed  a  resolu¬ 

tion  in  late  1992  that  “creation  be  pre¬ 
sented  as  a  viable  theory  on  an  equal  status 

with  the  various  theories  of  evolution.” 
Once  shown  to  school  district  lawyers, 

such  resolutions  are  usually  rescinded. 

But  the  Supreme  Court  decision  left  a 

loophole  that  encouraged  creationists  to 

persevere.  In  Edwards,  the  court  recog¬ 

nized  that  teachers  are  free  to  teach  “all 

scientific  theories  about  the  origins  of  hu¬ 

mankind.”  Justice  Brennan  wrote  that 

“teaching  a  variety  of  scientific  theories 
about  the  origins  of  humankind  to  school- 
children  might  validly  be  done  with  the 

clear  secular  intent  of  enhancing  the  effec¬ 

tiveness  of  science  instruction.”  This  sug¬ 
gested  that  alternative  theories  could  be 

taught,  but  it  ignored  that  there  are  no  rep¬ 
utable  alternatives  to  evolution  as  a  scien¬ 

tific  explanation.  Antievolutionists  were 

further  encouraged  by  Justice  Antonin 

Scalia’s  dissenting  opinion,  when  he  stated 

that  residents  of  Louisiana  had  a  right  “as 
a  secular  matter,  to  have  whatever  scien¬ 

tific  evidence  there  may  be  against  evolu¬ 

tion  presented  in  their  schools.” 
Antievolutionists  thus  adopted  a  new 

strategy:  avoiding  Creation,  Creator,  or 

any  term  that  implied  creationism,  they 

called  for  equal  time  to  teach  that  evolu¬ 

tion  did  not  occur.  This  new  language  ap¬ 

peared  quite  soon  after  the  Edwards  deci¬ 
sion,  in  the  Texas  textbook  guidelines  for 

1990.  The  Texas  Educational  Agency  told 

publishers  that  books  submitted  for  adop¬ 

tion  should  discuss  “scientific  evidence  of 
evolution  and  reliable  scientific  theories  to 

the  contrary.”  This  language  also  cropped 
up  in  August  1991  in  Louisville,  Ohio, 

where  a  school  board’s  science  curriculum 

stated  that  teachers  should  “develop  an  ap¬ 
preciation  of  theories  on  evolution  and  its 

alternatives.”  Teachers  were  supposed  to 

“contrast,  compare  and  discuss  alterna¬ 

tives  to  evolutionary  theory.” 
In  May  of  1993,  the  school  board  in 

Vista,  California,  presented  a  resolution 

stating  that  “weaknesses  that  substantially 
challenge  theories  in  evolution  should  be 

presented.”  And  in  December,  the  Tangi¬ 
pahoa  Parish  (Louisiana)  school  board, 

quoting  from  the  Edwards  decision  itself, 

drafted  a  policy  that  would  allow  the 

teaching  of  “other  theories  of  the  origin  of 
man”  besides  evolution  “if  done  with  the 

clear  secular  intent  of  enhancing  the  effec¬ 

tiveness  of  science  instruction.” 

The  “weaknesses  in  evolution”  and 

“evidence  against  evolution”  that  have 
been  put  forward  include  such  arguments 
as:  there  are  no  transitional  forms;  life  is  so 

improbable  that  it  could  not  have  origi¬ 

nated  “randomly”;  the  second  law  of  ther¬ 
modynamics  (which  refers  to  a  tendency 

toward  increased  disorder)  disproves  evo¬ 
lution;  radiometric  dating  is  invalid  and 

the  earth  is  young.  On  examination  these 
views  turn  out  to  be  identical  to  what  in 

pr e-Edwards  days  was  called  scientific 

creationism.  But  the  lack  of  obvious  reli¬ 

gious  content  and  purpose  may  help  insu¬ 
late  these  antievolution  arguments  from 

legal  challenge.  A  judge  might  decide  that 

regardless  of  scholarly  merit,  these  teach¬ 
ings  did  not  obviously  promote  religion. 

Just  because  the  first  amendment  protects 

against  the  government  establishment  of 

religion  doesn’t  mean  it  will  be  a  protec¬ 
tion  against  bad  science. 

So  far  this  strategy  seems  to  have  failed, 

at  least  in  the  cases  that  have  been  brought 
to  the  attention  of  the  National  Center  for 

Science  Education.  This  is  partly  because 
we  are  often  able  to  offer  information  or 

other  assistance  to  the  local  opposition,  in¬ 

cluding  finding  scientists  to  testify  on  be¬ 
half  of  evolution  and  against  creationism. 

For  example,  in  the  Vista,  California,  case, 

members  of  a  citizens’  group  testified  vo¬ 
ciferously  at  several  school  board  meet¬ 

ings  that  they  wanted  evolution,  not  cre¬ 
ationism,  taught  and  threatened  to  sue  if 

the  board  pushed  the  issue.  Similarly,  in 

Tangipahoa  Parish,  Louisiana,  scientists 

from  the  local  state  university  and  others 

protested  at  school  board  meetings,  as  well 

as  in  such  public  forums  as  “letters  to  the 
editor”  columns  and  radio  talk  shows, 

against  the  teaching  of  “other  theories”  be¬ 
sides  evolution.  In  March  1994  the  board 

gave  up  its  plan. 
Students  in  Texas  and  elsewhere  are  not 

now  reading  science  textbooks  that  pre¬ 

sent  “scientific”  theories  that  contradict 

evolution  because  members  of  our  organi¬ 
zation  and  others,  such  as  People  for  the 

American  Way,  helped  promote  a  change 

in  the  final  wording  of  Texas’s  very  influ¬ 
ential  guidelines.  The  curriculum  now 

calls  for  adopting  textbooks  that  provide 

“scientific  evidence  of  evolution  and  reli¬ 
able  scientific  theories  to  the  contrary,  if 

any.”  The  “if  any”  allows  the  textbook 
publishers  some  wiggle  room — they  can 

argue  that  they  cannot  find  any  such  theo¬ 
ries.  And  the  Louisville,  Ohio,  situation  is 

currently  on  hold  while  the  district  awaits 
the  release  of  a  state  curriculum.  Protest 

from  community  members  and  a  threat¬ 
ened  lawsuit  by  the  Ohio  chapter  of  the 
American  Civil  Liberties  Union  probably 

encouraged  this  delay. 

The  evolution  of  creationism  has  taken 

another  turn,  however.  In  1989,  the  Foun¬ 

dation  for  Thought  and  Ethics,  a  Texas- 
based  creationist  organization,  published 

Of  Pandas  and  People  as  a  supplement  to 

high-school  biology  texts.  Pandas  claims 
to  be  a  balanced  treatment  of  evolution 

and  “intelligent  design  theory.”  In  familiar 
creationist  fashion,  it  presents  evolution  as 

a  largely  chance  process  that  cannot  ac¬ count  for  the  impressive  complexity  of 

such  intricate  structures  as  the  vertebrate 

eye.  The  alternative  to  this  allegedly  ran¬ 

dom  process  is  “intelligent  design,”  a  term 
that  obviously  suggests  divine  creation,  al¬ 

though  the  authors  deny  that  the  intelli¬ 
gence  is  necessarily  supernatural.  All  in 

all,  the  text  parades  the  usual  creationist 
arguments,  only  without  identifying  them 
as  such. 

The  publisher  promotes  Pandas 

through  a  grass-roots  campaign,  encour¬ 

aging  parents  to  approach  school  curricu¬ 
lum  committees  to  adopt  the  book.  Ac¬ 
cording  to  the  publisher,  Pandas  is  being 
used  in  more  than  forty  states,  although  in 
which  states  and  in  which  districts  is  not 

made  clear.  The  book  was  submitted  for 

state  adoption  in  Idaho  and  Alabama  and 

rejected  in  both  places.  A  creationist 
school  board  member  in  Vista,  California, 

asked  teachers  there  to  consider  it  as  a  sup¬ 

plementary  textbook.  Armed  with  reviews 

prepared  by  our  scientists  and  educators, 

they,  too,  soundly  rejected  it.  Despite  these 
successes,  however,  individual  teachers 

may  be  using  the  book.  In  a  case  in  north¬ 
ern  California,  the  colleagues  of  one 

teacher  directed  him  to  return  the  class¬ 

room  copies  he  had  ordered  for  his  stu¬ 

dents,  on  the  grounds  that  the  book  had  not 

passed  normal  district  review. 

Compared  with  those  of  other  industri¬ 
alized  nations,  the  American  public  school 

system  is  very  decentralized.  Local  school 
districts  make  the  majority  of  curriculum 

decisions,  sometimes  guided  by  state  cur¬ 
ricula  but  not  always  bound  by  law  to  obey 

them.  State  agencies  may  influence  school 

districts  by  requiring  them  to  spend  state 

funds  only  on  approved  books,  but  what  is 
taught  in  the  classroom  will  vary  locally. 

Not  only  the  local  school  board  but  also 
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the  individual  teacher  has  considerable 

leeway.  Unless  students  report  on  what 
happens  when  the  door  is  closed,  no  one 
else  may  know. 

In  Stanwood,  Washington,  for  example, 

local  residents  didn’t  know,  until  a  student 
mentioned  it  to  a  parent,  that  a  creation 
scientist  had  been  invited  to  lecture  on  the 

“latest  scientific  findings”  about  how  hu¬ mans  and  dinosaurs  lived  at  the  same  time. 

In  another  Washington  community,  a 
teacher  who  was  teamed  up  with  another 

for  a  high-school  science  class  was  as¬ 

tounded  to  hear  his  colleague  advocating 

the  creationist  view  that  the  earth  was  very 

young.  Until  the  two  shared  the  same 

classroom,  no  one  had  known  that  this 

teacher  presented  creation  science. 

From  kindergarten  through  high  school, 

public  school  teachers  face  pressure  to 

teach  creation  science  or  “evidence 

against  evolution,”  or  at  least  to  downplay 
evolution.  Our  caseload  at  the  National 

Center  for  Science  Education  has  been 

steadily  increasing  over  the  last  six  years. 

Part  of  this  increase  has  been  brought 

about  by  a  shift  in  American  politics.  The 

religious  right,  disappointed  by  its  lack  of 
success  on  the  national  level,  has  focused 

on  winning  local  elective  offices,  includ¬ 
ing  representation  on  school  boards  and 
curriculum  committees. 

When  the  religious  right  wins  a  major¬ 
ity  of  seats  on  a  school  board,  as  in  Vista, 

California,  the  teaching  of  evolution  be¬ 
comes  a  contentious  issue.  Even  if  not 

forced  to  do  so,  some  teachers  just  quietly 

stop  teaching  it.  Others  feel  a  chilling  ef¬ 
fect.  One  teacher  wrote  me  that  he  makes 

sure  to  collect  all  the  handouts  when  he 

teaches  evolution  so  that  parents  won’t 
know  what  he  is  teaching.  That  teachers 

have  to  sneak  good  science  into  the  class¬ 
room  is  regrettable.  Unfortunately,  in  the 

face  of  parental  pressure,  principals  and 

superintendents  frequently  fail  to  support 

teachers,  even  when  the  curriculum  man¬ 
dates  the  teaching  of  evolution. 

If  public  school  teachers  shrink  from 

teaching  evolution,  many  students  will  not 

learn  about  it  unless  they  go  to  college — if 
then.  Others  will  be  deprived  of  one  of  the 

great  enriching  ideas  of  science.  If,  as  the 

geneticist  Theodosius  Dobzhansky  said, 

“Nothing  in  biology  makes  sense  except  in 

the  light  of  evolution,”  these  students  will 

learn  nonsensical  biology,  a  “pile  of 

sundry  facts”  unconnected  by  an  organiz¬ 
ing  theory.  □ 
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This  View  of  Life 

The  Monster’s  Human  Nature 
When  filmmakers  adapt  books  for  the  screen,  they  ofien  dumb  down  the  subtle  themes 

by  Stephen  Jay  Gould 

An  old  Latin  proverb  tells  us  to  “beware 
the  man  of  one  book”— cave  ab  homine 
unius  libri.  Yet  Hollywood  knows  only 

one  theme  in  making  monster  movies, 

from  the  archetypal  Frankenstein  of  1931 

to  last  summer’s  megahit,  Jurassic  Park. 
Human  technology  must  not  go  beyond  an 

intended  order  decreed  by  God  or  set  by 

nature’s  laws.  No  matter  how  benevolent 

the  purposes  of  the  transgressor,  such  cos¬ 
mic  arrogance  can  only  lead  to  killer 

tomatoes,  very  large  rabbits  with  sharp 

teeth,  giant  ants  in  the  Los  Angeles  sew¬ 

ers,  or  even  larger  blobs  that  swallow  en¬ 
tire  cities.  Yet  these  films  often  use  far 

more  subtle  books  as  their  sources  and,  in 

so  doing,  distort  the  originals  beyond  all 

thematic  recognition. 

The  trend  began  in  1931  with  Franken¬ 

stein,  Hollywood’s  first  great  monster 

“talkie”  (although  Boris  Karloff  only 
grunted,  while  Colin  Clive,  as  Henry 

Frankenstein,  emoted).  Hollywood  de¬ 

creed  its  chosen  theme  by  the  most  “up¬ 

front”  of  all  conceivable  strategies.  The 
film  begins  with  a  prologue  (even  before 

the  titles  roll),  featuring  a  well-dressed 
man  standing  on  stage  before  a  curtain,  to 

issue  both  a  warning  about  potential  fright 

and  to  announce  the  film’s  deeper  theme  as 

the  story  of  “a  man  of  science  who  sought 
to  create  a  man  after  his  own  image  with¬ 

out  reckoning  upon  God.” 

In  the  movie,  Dr.  Waldman,  Henry’s  old 
medical  school  professor,  speaks  of  his 

pupil’s  “insane  ambition  to  create  life,”  a 

diagnosis  supported  by  Frankenstein’s 
own  feverish  words  of  enthusiasm:  “I  cre¬ 
ated  it.  I  made  it  with  my  own  hands  from 

the  bodies  I  took  from  graves,  from  the 

gallows,  from  anywhere.” 
The  best  of  a  cartload  of  sequels,  The 

Bride  of  Frankenstein  (1935)  makes  the 

favored  theme  even  more  explicit  in  a  pro¬ 

logue  featuring  Mary  Wollstonecraft  Shel¬ 

ley  (who  wrote  Frankenstein  when  she 

was  only  nineteen  years  old  and  published 

the  story  two  years  later  in  1818).  In  con¬ 
versation  with  her  husband,  Percy,  and 

their  buddy  Lord  Byron,  she  states:  “My 
purpose  was  to  write  a  moral  lesson  of  the 

punishment  that  befell  a  mortal  man  who 

dared  to  emulate  God.” 
Shelley’s  Frankenstein  is  a  rich  book  of 

many  themes,  but  I  can  find  little  therein  to 

support  the  Hollywood  reading.  The  text  is 

neither  a  diatribe  on  the  dangers  of  tech¬ 

nology  nor  a  warning  about  overextended 
ambition  against  a  natural  order.  We  find 

no  passages  about  disobeying  God — an 
unlikely  subject  for  Mary  Shelley  and  her 

free-thinking  friends  (Percy  had  been  ex¬ 
pelled  from  Oxford  in  1 8 1 1  for  publishing 

a  defense  of  atheism).  Victor  Frankenstein 

(I  do  not  know  why  Hollywood  changed 

him  to  Henry)  is  guilty  of  a  great  moral 

failing,  as  we  shall  see  later,  but  his  crime 

is  not  technological  transgression  against  a 
natural  or  divine  order. 

We  can  find  a  few  passages  about  the 

awesome  power  of  science,  but  these 

words  are  not  negative.  Professor  Wald¬ 
man,  a  sympathetic  character  in  the  book, 

states,  for  example: 

They  [scientists]  penetrate  into  the  recesses 
of  nature,  and  show  how  she  works  in  her 

hiding  places.  They  ascend  into  the  heav¬ 
ens;  they  have  discovered  how  the  blood 
circulates,  and  the  nature  of  the  air  we 

breathe.  They  have  acquired  new  and  al¬ 
most  unlimited  powers. 

We  do  learn  that  ardor  without  compas¬ 
sion  or  moral  consideration  can  lead  to 

trouble,  but  Shelley  applies  this  argument 

to  any  endeavor,  not  especially  to  scien¬ 
tific  discovery  (her  examples  are,  in  fact, 

all  political).  Victor  Frankenstein  says: 

A  human  being  in  perfection  ought  always 

to  preserve  a  calm  and  peaceful  mind,  and 

never  to  allow  passion  or  a  transitory  desire 

to  disturb  his  tranquillity.  I  do  not  think  that 

the  pursuit  of  knowledge  is  an  exception  to 
this  rule.  If  the  study  to  which  you  apply 

yourself  has  a  tendency  to  weaken  your  af¬ 
fections...  then  that  study  is  certainly  un¬ 
lawful,  that  is  to  say,  not  befitting  the  human 

mind.  If  this  rule  were  always  ob¬ 
served...  Greece  had  not  been  enslaved; 

Caesar  would  have  spared  his  country; 
America  would  have  been  discovered  more 

gradually,  and  the  empires  of  Mexico  and 
Peru  had  not  been  destroyed. 

Victor’s  own  motivations  are  entirely 

idealistic:  “I  thought,  that  if  I  could  bestow 
animation  upon  lifeless  matter,  I  might  in 

process  of  time  (although  I  now  found  it 

impossible)  renew  life  where  death  had 

apparently  devoted  the  body  to  corrup¬ 

tion.”  Finally,  as  Victor  expires  in  the  Arc¬ 
tic,  he  makes  his  most  forceful  statement 

on  the  dangers  of  scientific  ambition,  but 

he  only  berates  himself  and  his  own  fail¬ 
ures,  while  stating  that  others  might  well 
succeed.  Victor  says  his  dying  words  to 

the  ship’s  captain  who  found  him  on  the 

polar  ice: Farewell,  Walton!  Seek  happiness  in  tran¬ 
quillity,  and  avoid  ambition,  even  if  it  be 

only  the  apparently  innocent  one  of  distin¬ 

guishing  yourself  in  science  and  discover¬ 
ies.  Yet  why  do  I  say  this?  I  have  myself 
been  blasted  in  these  hopes,  yet  another  may 
succeed. 

But  Hollywood  dumbed  these  subtleties 

down  to  the  easy  formula — “man  must  not 

go  beyond  what  God  and  nature  intended” 
(you  almost  have  to  use  the  old  gender-bi¬ 

ased  language  for  such  a  simplistic  ar- 
chaicism) — and  has  been  treading  in  its 

own  footsteps  ever  since.  The  latest  incar¬ 

nation,  Jurassic  Park,  substitutes  a  Veloci- 

raptor,  re-created  from  old  DNA,  for 
Karloff,  cobbled  together  from  bits  and 

pieces  of  coipses,  but  hardly  alters  the  ar¬ 

gument  an  iota.  Spielberg’s  Jurassic  Park 
also  dumbs  down  Michael  Crichton’s 
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book  version,  just  as  James  Whale  de¬ 
moted  Shelley. 

Ian  Malcolm,  a  mathematical  specialist 

in  chaos  theory,  acts  as  the  key  moral  critic 
in  both  book  and  film.  In  the  book,  he 

makes  an  intellectually  interesting  argu¬ 
ment  fully  consistent  with  his  specialty: 

visitors  to  the  park  must  be  protected  from 

rapacious  dinosaurs,  but  a  safety  system, 

so  complex  and  so  dependent  upon  hun¬ 
dreds  of  integrated  parts  and  procedures, 

all  working  exactly  as  anticipated  every 

single  time,  must  eventually  fail — and  the 
collapse  must  be  both  unpredictable  and 

spectacular. 
I  do  not  find  this  argument  too  complex 

for  popular  culture.  Moreover,  the  genre  of 
science  fiction  maintains  a  tradition  for 

playing  with  intellectual  themes  not  often 

treated  elsewhere — and  this  practice  has 

been  extended  to  films  of  great  commer¬ 
cial  success,  as  in  the  truly  challenging 
2001  and  even  in  the  mass  marketed  Star 

Trek  or  Star  Wars  series.  Why  couldn’t 
Spielberg  and  company  (including  Crich¬ 
ton,  who  participated  in  the  dumbdowning 

of  his  own  book  for  the  screen)  have  main¬ 

tained  Malcolm’s  character  and  argument 
in  the  film  of  Jurassic  Park ? 

But  Jeff  Goldblum,  as  the  movie’s  Ian 
Malcolm,  completely  perverts  and  over¬ 
turns  his  own  proclaimed  status  as  a 

“chaotician”  by  invoking  the  tired  old 

cliche  of  monster  films:  “man  must  not  go 

beyond....”  He  states  to  John  Hammond, 

the  park’s  creator:  “Your  lack  of  humility 

before  nature  staggers  me.”  Hammond 

then  counters  Malcolm’s  opposition  to 
bringing  back  extinct  species  from  their 

preserved  DNA  by  asking  whether  the 

mathematician  would  object  to  such  a  re¬ 
constitution  of  the  California  condor, 

should  the  last  few  individuals  of  the  mag¬ 
nificent  bird  die.  Malcolm  replies  that  he 

would  not  protest  such  a  project  because 

the  extinction  would  have  occurred  “un¬ 

naturally”  as  a  result  of  human  malfea¬ 

sance.  Why,  then,  object  to  dinosaurs? 

Hammond  asks.  Malcolm  now  cites  the 

catechistic  cliche:  “Dinosaurs  had  their 

shot  and  nature  selected  them  for  extinc¬ 

tion.”  In  other  words,  the  death  of  di¬ 

nosaurs,  as  an  event  of  nature’s  broad  and 

intended  order,  as  part  of  life’s  predictable 
and  sensible  development,  must  be  hon¬ 

ored  and  left  untroubled,  while  a  techno¬ 

logically  imposed  blip  upon  nature’s  pat¬ tern,  like  the  extinction  of  condors,  must 
be  undone. 

But  such  an  argument  emasculates 

chaos  theory,  Malcolm’s  stated  guide  to 
every  interpretation.  Chaos  theory  tells  us 

that  we  cannot  predict  a  sensible  unrolling 

of  life’s  history  or  state  that  any  given 
event,  like  the  extinction  of  dinosaurs, 

possessed  an  inevitability  beyond  alterna¬ 
tive  construction  or  present  challenge.  (I 

would  also  like  to  know  why  Spielberg’s 
dinosaurs,  as  intended  rulers  of  a  former 
world  less  advanced  than  our  own,  can 

beat  any  mammal  in  Jurassic  Park,  includ¬ 
ing  Homo  sapiens.) 

This  fatal  inconsistency  destroys  Mal¬ 

colm’s  intellectual  character.  In  the  film’s 
silliest  and  most  embarrassing  scene, 

chaos  theory  has  no  remaining  clout  be¬ 

yond  a  crude  invocation  during  a  bum¬ 

bling  and  unsuccessful  seduction  scene — 

as  Goldblum’s  Malcolm  drips  water  on 
Laura  Dem’s  knuckles  and  tells  her  that 

chaos  theory  permits  no  prediction  about 
the  direction  of  roll,  down  to  the  fingertips 

or  toward  the  wrist  (of  course,  you  have  to 

hold  your  subject’s  hand  as  you  illustrate 
this  point).  I  suspect  that  Spielberg  recog¬ 
nized  the  impotence  thus  imposed  upon 

Malcolm,  for  he  breaks  the  mathemati¬ 

cian’s  leg  and  mercifully  puts  him  out  of 
further  action  soon  thereafter. 

But  Karloff’s  Frankenstein  contains  an 
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even  more  serious  and  equally  prominent 
distortion  of  a  theme  that  I  regard  as  the 

primary  lesson  of  Mary  Shelley’s  book— 
another  lamentable  example  of  Holly¬ 

wood’s  sense  that  the  American  public 
cannot  tolerate  even  the  slightest  exercise 
in  intellectual  complexity.  Why  is  the 
monster  evil?  Shelley  provides  a  nuanced 
and  subtle  answer  that,  to  me,  sets  the  cen¬ 
tral  theme  of  her  book.  But  Hollywood 
opted  for  a  simplistic  solution,  so  precisely 

opposite  to  Shelley’s  intent  that  the  movie 
can  no  longer  claim  to  be  telling  a  moral 

fable  (despite  the  protestations  of  the  man 

in  front  of  the  curtain,  or  of  Mary  Shelley 
herself  in  the  sequel)  and  becomes  instead, 

as  I  suppose  the  maker  intended  all  along, 

a  pure  horror  film. 
James  Whale,  director  of  the  1931 

Frankenstein,  devoted  the  movie’s  long 
and  striking  opening  scenes  to  this  inver¬ 

sion  of  Shelley’s  intent — so  the  filmmak¬ 
ers  obviously  viewed  this  alteration  as  cru¬ 
cial.  The  movie  opens  with  a  burial  at  a 

graveyard.  After  the  mourners  depart, 

Henry  and  his  obedient  servant,  the  evil, 

hunchbacked  Fritz,  dig  up  the  body  and 

cart  it  away.  Then  they  cut  down  another 

dead  man  from  the  gallows,  but  Henry  ex¬ 

claims,  “The  neck’s  broken.  The  brain  is 

useless;  we  must  find  another  brain.” 
The  scene  switches  to  Goldstadt  Med¬ 

ical  College.  Professor  Waldman  is  lectur¬ 
ing  on  cranial  anatomy  and  comparing 

“one  of  the  most  perfect  specimens  of  the 
normal  brain”  with  “the  abnormal  brain  of 

a  typical  criminal.”  Waldman  firmly  lo¬ 

cates  the  criminal’s  depravity  in  the  inher¬ 
ited  malformations  of  his  brain;  anatomy 

is  destiny.  Note;  Waldman  says, 

the  scarcity  of  convolutions  on  the  frontal 

lobes  and  the  distinct  degeneration  of  the 

middle  frontal  lobes.  All  of  these  degenerate 

characteristics  check  amazingly  with  the 

case  history  of  the  dead  man  before  us, 

whose  life  was  one  of  brutality,  of  violence, 
and  of  murder. 

Fritz  breaks  in  after  the  students  leave 

and  steals  the  normal  brain,  but  the  sound 

of  a  gong  startles  him  and  he  drops  the 

precious  object,  shattering  its  container. 

Fritz  then  has  to  take  the  criminal  brain  in¬ 

stead,  but  he  never  tells  Henry.  The  mon¬ 

ster  is  evil  because  Henry  unwittingly 
makes  him  of  evil  stuff.  Later  in  the  film, 

Henry  expresses  his  puzzlement  at  the 

monster’s  nasty  temperament,  for  he  made 
his  creature  of  the  best  materials.  But 

Waldman,  finally  realizing  the  source  of 

the  monster’s  behavior,  tells  Henry:  “The 
brain  that  was  stolen  from  my  laboratory 

was  a  criminal  brain.”  Henry  then  coun- 
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ters  with  one  of  th.e  cinema’s  greatest  dou¬ 
ble  takes,  and  finally  manages  a  feeble  re¬ 

tort,  “Oh  well,  after  all,  it’s  only  a  piece  of 

dead  tissue.”  “Only  evil  will  come  from 

it,”  Waldman  replies,  “you  have  created  a 

monster  and  it  will  destroy  you” — true 
enough,  at  least  until  the  next  sequel. 

Karloff’s  intrinsically  evil  monster 
stands  condemned  by  the  same  biological 

determinism  that  has  so  tragically  and 

falsely  restricted  the  lives  of  millions  who 

committed  no  transgression  besides  mem¬ 
bership  in  a  despised  race,  sex,  or  social 

class.  Karlolf ’s  actions  record  his  internal 
state.  He  manages  a  few  grunts  and,  in  one 

of  the  sequels,  even  learns  some  words 

from  a  blind  man  who  cannot  perceive  his 

ugliness,  although  the  monster  never  gets 

much  beyond  “eat,”  “smoke,”  and  “good.” 

Shelley’s  monster,  by  contrast,  is  a  most 
remarkably  literate  fellow.  He  learns 

French  by  assimilation  after  hiding  for 
several  months  in  the  hovel  of  a  noble 

family  temporarily  in  straitened  circum¬ 
stances.  His  three  favorite  books  would 

bring  joy  to  the  heart  of  any  college  Eng¬ 

lish  professor  who  could  persuade  stu¬ 
dents  to  read  and  enjoy  even  one: 

Plutarch’s  Lives,  Goethe’s  Sorrows  of 

Young  Werther,  and  Milton’s  Paradise  Lost 

(of  which  Shelley’s  novel  is  an  evident 

parody).  The  original  monster’s  thunder¬ 
ing  threat  certainly  packs  more  oomph 

than  Karloff’s  pitiable  grunts:  “I  will  glut 
the  maw  of  death,  until  it  be  satiated  with 

the  blood  of  your  remaining  friends.” 

Shelley’s  monster  is  not  evil  by  inherent 
constitution.  He  is  bom  unformed — carry¬ 
ing  the  predispositions  of  human  nature, 

but  without  the  specific  manifestations  that 

can  only  be  set  by  upbringing  and  educa¬ 

tion.  He  is  the  Enlightenment’s  man  of 
hope,  whom  learning  and  compassion 

might  mold  to  goodness  and  wisdom.  But 

he  is  also  a  victim  of  post-Enlightenment 

pessimism  as  the  cruel  rejection  of  his  nat¬ 
ural  fellows  drives  him  to  fury  and  re¬ 

venge.  (Even  as  a  murderer,  the  monster 
remains  fastidious  and  purposive.  Victor 

Frankenstein  is  the  source  of  his  anger, 

and  he  only  kills  the  friends  and  lovers 

whose  deaths  will  bring  Victor  the  most 

grief;  he  does  not,  like  Godzilla  or  the 

Blob,  rampage  through  cities.) 

Mary  Shelley  chose  her  words  carefully 

to  take  a  properly  nuanced  position  at  a 

fruitfully  intermediate  point  between  na¬ 
ture  and  nurture — whereas  Hollywood 

opted  for  nature  alone  to  explain  the  mon¬ 

ster’s  evil  deeds.  Frankenstein’s  creature  is 

not  inherently  good  by  internal  construc¬ 

tion — a  benevolent  theory  of  “nature 

alone,”  but  no  different  in  mode  of  expla¬ 

nation  from  Hollywood’s  opposite  version. 
He  is,  rather,  bom  capable  of  goodness, 

even  with  an  inclination  toward  kindness, 

should  circumstances  of  his  upbringing 

call  forth  this  favored  response.  In  his  final 

confession  to  Captain  Walton,  before 

heading  north  to  immolate  himself  at  the 

Pole,  the  monster  says: 

My  heart  was  fashioned  to  be  susceptible  of 

love  and  sympathy;  and,  when  wrenched  by 

misery  to  vice  and  hatred,  it  did  not  endure 

the  violence  of  the  change  without  torture, 

such  as  you  cannot  even  imagine  [my  italics 

to  note  Shelley’s  careful  phrasing  in  terms 
of  potentiality  or  inclination,  rather  than  de¬ 
terminism]. 

He  then  adds: 

Once  my  fancy  was  soothed  with  dreams  of 

virtue,  of  fame,  and  of  enjoyment.  Once  I 

falsely  hoped  to  meet  with  beings  who,  par¬ 
doning  my  outward  form,  would  love  me  for 
the  excellent  qualities  which  I  was  capable 

of  bringing  forth  [again,  my  italics],  I  was 
nourished  with  high  thoughts  of  honor  and 

devotion.  But  now  vice  has  degraded  me  be¬ 
neath  the  meanest  animal....  When  I  call 

over  the  frightful  catalogue  of  my  deeds,  I 

cannot  believe  that  I  am  he  whose  thoughts 

were  once  filled  with  sublime  and  transcen¬ 
dent  visions  of  the  beauty  and  the  majesty  of 

goodness.  But  it  is  even  so;  the  fallen  angel 
becomes  a  malignant  devil. 

Why,  then  does  the  monster  turn  to  evil 

against  an  inherent  inclination  to  good¬ 

ness?  Shelley  gives  us  an  interesting  an¬ 
swer  that  seems  almost  trivial  in  invoking 

such  a  superficial  reason,  but  that  emerges 

as  profound  when  we  grasp  her  general 

theory  of  human  nature.  He  becomes  evil, 
of  course,  because  humans  reject  him  so 

violently  and  so  unjustly.  His  resulting 

loneliness  becomes  unbearable.  Hq  states; 
* 

And  what  was  I?  Of  my  creation  and  creator 

I  was  absolutely  ignorant;  but  I  knew  that  I 

possessed  no  money,  no  friends,  no  kind  of 

property.  I  was,  besides,  endowed  with  a  fig¬ 
ure  hideously  deformed  and  loathsome.... 
When  I  looked  around,  I  saw  and  heard 
none  like  me.  Was  I  then  a  monster,  a  blot 

upon  the  earth,  from  which  all  men  fled,  and 
whom  all  men  disowned? 

But  why  is  the  monster  so  rejected  if  his 

feelings  incline  toward  benevolence,  and 

his  acts  to  evident  goodness?  He  certainly 

tries  to  act  kindly,  in  helping  (albeit  se¬ 

cretly)  the  family  in  the  hovel  that  forms 
his  hiding  place: 

I  had  been  accustomed,  during  the  night,  to 

steal  a  part  of  their  store  for  my  own  con¬ 
sumption;  but  when  I  found  that  in  doing 

this  I  inflicted  pain  on  the  cottagers,  I  ab¬ 
stained,  and  satisfied  myself  with  berries, 

nuts,  and  roots,  which  I  gathered  from  a 

neighboring  wood.  I  discovered  also  an¬ 
other  means  through  which  I  was  enabled  to 
assist  their  labors.  I  found  that  the  youth 

spent  a  great  part  of  each  day  in  collecting 
wood  for  the  family  fire;  and,  during  the 

night,  I  often  took  his  tools,  the  use  of  which 

I  quickly  discovered,  and  brought  home  fir¬ 
ing  sufficient  for  the  consumption  of  several 
days. 

Shelley  tells  us  that  all  humans  reject 
and  even  loathe  the  monster  for  a  visceral 

reason  of  literal  superficiality:  his  truly  ter¬ 

rifying  ugliness — a  reason  heartrending  in 

its  deep  injustice  and  profound  in  its  bio¬ 
logical  accuracy  and  philosophical  insight 
about  the  meaning  of  human  nature. 

The  monster,  by  Shelley’s  description, 
could  scarcely  have  been  less  attractive  in 

appearance.  Victor  Frankenstein  describes 

the  first  sight  of  his  creature  alive: 

How  can  I  describe  my  emotions  at  this  cat¬ 

astrophe,  or  how  delineate  the  wretch  whom 

with  such  infinite  pains  and  care  I  had  en¬ 
deavored  to  form?  His  limbs  were  in  pro¬ 
portion,  and  I  had  selected  his  features  as 

beautiful.  Beautiful! — Great  God!  His  yel¬ 
low  skin  scarcely  covered  the  work  of  mus¬ 
cles  and  arteries  beneath;  his  hair  was  a  lus- 
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trous  black,  and  flowing;  his  teeth  of  a 

pearly  whiteness;  but  these  luxuriances  only 

formed  a  more  horrid  contrast  with  his  wa¬ 

tery  eyes,  that  seemed  almost  of  the  same 
color  as  the  dun  white  sockets  in  which  they 

were  set,  his  shriveled  complexion,  and 
straight  black  lips. 

At  the  hyper-NBA  height  of  eight  feet,  the 
monster  scares  the  bejeezus  out  of  all  who 

cast  eyes  upon  him. 

The  monster  quickly  grasps  this  unfair 
source  of  human  fear  and  plans  a  strategy 

to  overcome  initial  reactions  and  prevail 

by  goodness  of  soul.  He  presents  himself 
first  to  the  blind  old  father  in  the  hovel 

above  his  hiding  place  and  makes  a  good 

impression.  He  hopes  to  win  the  man’s 
confidence,  and  thus  gain  a  favorable  in¬ 
troduction  to  the  world  of  sighted  people. 

But  in  his  joy  at  acceptance,  he  stays  too 

long.  The  man’s  son  returns  and  drives  the 
monster  away — as  fear  and  loathing  over¬ 
whelm  any  inclination  to  hear  about  inner decency. 

The  monster  finally  acknowledges  his 

inability  to  overcome  visceral  fear  at  his 

ugliness;  his  resulting  despair  and  loneli¬ 
ness  drive  him  to  evil  deeds: 

I  am  malicious  because  I  am  miserable;  am 

I  not  shunned  and  hated  by  all  mankind?. . . 

Shall  I  respect  man  when  he  contemns  me? 
Let  him  live  with  me  in  the  interchange  of 

kindness,  and,  instead  of  injury,  I  would  be¬ 
stow  every  benefit  upon  him  with  tears  of 

gratitude  at  his  acceptance.  But  that  cannot 
be;  the  human  senses  are  insurmountable 
barriers  to  our  union. 

Our  struggle  to  formulate  a  humane  and 
accurate  idea  of  human  nature  focuses  on 

proper  positions  between  the  false  and 
sterile  poles  of  nature  and  nurture.  Pure 

nativism — as  in  the  Hollywood  version  of 

the  monster’s  depravity — leads  to  a  cruel 
and  inaccurate  theory  of  biological  deter¬ 
minism,  the  source  of  so  much  misery  and 

such  pervasive  suppression  of  hope  in  mil¬ 
lions  belonging  to  unfavored  races,  sexes, 

or  social  classes.  But  pure  nurturism  can 

be  just  as  cruel  and  just  as  wrong — as  in 
the  blame  once  heaped  upon  loving  par¬ 

ents,  in  bygone  days  of  rampant  Freudian- 
ism,  for  failures  in  rearing  as  putative 
sources  of  mental  illness  or  retardation 

that  we  can  now  identify  as  genetically 

based,  for  all  organs,  including  brains, 

may  be  subject  to  inborn  illness. 
The  solution,  as  all  thoughtful  people 

recognize,  must  lie  in  properly  melding 

the  themes  of  inborn  predisposition  and 

shaping  through  life’s  experiences.  This 
fruitful  joining  cannot  take  the  false  form 

of  percentages  adding  up  to  100 — as  in 

“intelligence  is  80  percent  nature  and  20 

percent  nurture,”  or  “homosexuality  is  50 

percent  inborn  and  50  percent  learned,” and  a  hundred  other  harmful  statements  in 

this  foolish  format.  When  two  ends  of 

such  a  spectrum  are  commingled,  the  re¬ 

sult  is  not  a  separable  amalgam  (like  shuf¬ 

fling  two  decks  of  cards  with  different 

backs),  but  an  entirely  new  entity  that  can¬ 

not  be  decomposed  (as  adults  cannot  be 

separated  into  maternal  and  paternal  con¬ tributions  to  their  totality). 

The  best  guide  to  a  proper  integration 

lies  in  recognizing  that  nature  supplies 

general  ordering  rules  and  predisposi¬ 

tions — often  strong  ones  to  be  sure — 

while  nurture  shapes  specific  manifesta¬ 
tions  over  a  wide  range  of  potential 

outcomes.  We  make  classical  “category 
mistakes”  when  we  attribute  too  much 

specificity  to  nature — as  in  the  pop  socio¬ 

biology  of  supposed  genes  for  such  com¬ 
plexly  social  phenomena  as  rape  and 
racism;  or  when  we  view  deep  structures 

as  purely  social  constructs — as  in  earlier 
claims  that  even  the  most  general  rules  of 

grammar  must  be  learned  contingencies 

without  any  universality  across  cultures. 

Noam  Chomsky’s  linguistic  theories  rep¬ 
resent  the  paradigm  for  modem  concepts 

of  proper  integration  between  nature  and 
nurture — principles  of  universal  grammar 
as  inborn  learning  mles,  with  peculiarities 

of  any  particular  language  as  a  product  of 

cultural  circumstance  and  place  of  up¬ bringing. 

Frankenstein’s  creature  becomes  a  mon¬ 
ster  because  he  is  cruelly  ensnared  by  one 

of  the  deepest  predispositions  of  our  bio¬ 
logical  inheritance — our  aversion  toward 
seriously  malformed  individuals.  (Konrad 

Lorenz,  the  most  famous  ethologist  of  the 

last  generation,  based  much  of  his  theory 

on  the  primacy  of  this  inborn  mle.)  We  are 

now  appalled  by  the  injustice  of  such  a 

predisposition,  but  this  proper  moral  feel¬ 
ing  is  an  evolutionary  latecomer,  imposed 

by  human  consciousness  upon  a  much 
older  mammalian  pattern. 

We  almost  surely  inherit  such  an  in¬ 
stinctive  aversion  to  serious  malforma¬ 

tion,  but  remember  that  nature  can  only 

supply  a  predisposition,  while  culture 
shapes  specific  results.  And  now  we  can 

grasp — for  Mary  Shelley  presented  the 
issue  to  us  so  wisely — the  tme  tragedy  of 

Frankenstein’s  monster  and  the  moral 

dereliction  of  Victor  himself.  The  predis¬ 

position  for  aversion  toward  ugliness  can 

be  overcome  by  learning  and  understand¬ 

ing.  I  trust  that  we  have  all  trained  our¬ 

selves  in  this  essential  form  of  compas- 
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sion;  that  we  all  work  hard  to  suppress  that 
frisson  of  revulsion  (which  in  honest  mo¬ 

ments  we  all  admit  we  feel)  and  to  judge 
people  by  their  qualities  of  soul,  not  by 
their  external  appearances. 

Frankenstein’s  monster  was  a  good  man 
!  in  an  appallingly  ugly  body.  His  country¬ 
men  could  have  been  educated  to  accept 
him,  but  the  person  responsible  for  that  in¬ 

struction — his  creator,  Victor  Franken- 

'tein — ran  away  from  his  foremost  duty, 
and  abandoned  his  creation  at  first  sight, 

/ictor’s  sin  does  not  lie  in  misuse  of  tech¬ 
nology  or  hubris  in  emulating  God;  we 

annot  find  these  themes  in  Mary  Shel- 

ey’s  account.  Victor  failed  because  he  fol- 

'owed  a  predisposition  of  human  nature — 

.isceral  disgust  at  the  monster’s 
appearance — and  did  not  undertake  the 
duty  of  any  creator  or  parent:  to  teach  his 

own  charge  and  to  educate  others  in  ac¬ 
ceptance. 

He  could  have  schooled  his  creature 

'and  not  left  the  monster  to  leam  language 
by  eavesdropping  and  by  scrounging  for 

books  in  a  hiding  place  under  a  hovel).  He 
could  have  told  the  world  what  he  had 

done.  He  could  have  introduced  his  benev¬ 

olent  and  educated  monster  to  people  pre¬ 
pared  to  judge  him  on  merit.  But  he  took 

one  look  at  his  handiwork  and  ran  away 

forever.  In  other  words,  he  bowed  to  a  base 

aspect  of  our  common  nature  and  did  not 

accept  the  particular  moral  duty  of  our  po¬ 
tential  nurture: 

I  had  worked  hard  for  nearly  two  years,  for 

the  sole  purpose  of  infusing  life  into  an 

inanimate  body.  For  this  I  had  deprived  my¬ 
self  of  rest  and  health.  I  had  desired  it  with 

an  ardor  that  far  exceeded  moderation;  but 

now  that  I  had  finished,  the  beauty  of  the 
dream  vanished,  and  breathless  horror  and 

disgust  filled  my  heart.  Unable  to  endure  the 

aspect  of  the  being  I  had  created,  I  rushed 

out  of  the  room....  A  mummy  again  endued 
with  animation  could  not  be  so  hideous  as 

that  wretch.  I  had  gazed  on  him  while  unfin¬ 

ished;  he  was  ugly  then;  but  when  those 

muscles  and  joints  were  rendered  capable  of 

motion,  it  became  a  thing  such  as  even 
Dante  could  not  have  conceived. 

The  very  first  line  of  the  preface  to 

Frankenstein  has  often  been  misinter¬ 

preted:  “The  event  on  which  this  fiction  is 
founded  has  been  supposed,  by  Dr.  Dar¬ 
win,  and  some  of  the  physiological  writers 

of  Germany,  as  not  of  impossible  occur¬ 

rence.”  People  suppose  that  “Dr.  Darwin” 
must  be  Charles  of  evolutionary  fame.  But 

Charles  Darwin  was  bom  on  Lincoln’s 

birthday  in  1 809  and  wasn’t  even  ten  years 
old  when  Mary  Shelley  wrote  her  novel. 

“Dr.  Darwin”  is  Charles’s  grandfather 

Erasmus,  one  of  England’s  most  famous 
physicians  and  an  atheist  who  believed  in 

the  material  basis  of  life.  (Shelley  is  refer¬ 

ring  to  his  idea  that  such  physical  forces  as 

electricity  might  be  harnessed  to  quicken 

inanimate  matter— for  life  has  no  inher¬ 

ently  spiritual  component  and  might  there¬ 
fore  emerge  from  nonliving  substances  in¬ 
fused  with  enough  energy.) 

I  will,  however,  close  with  my  favorite 
moral  statement  from  Charles  Darwin, 

who,  like  Mary  Shelley,  also  emphasized 

our  duty  to  foster  the  favorable  specifici¬ 
ties  that  nurture  and  education  can  control. 

Mary  Shelley  wrote  a  moral  tale,  not  about 

hubris  or  technology,  but  about  responsi¬ 
bility  to  all  creatures  of  feeling  and  to  the 

products  of  one’s  own  hand.  The  monster’s 
misery  arose  from  the  moral  failure  of 
other  humans,  not  from  his  own  inherent 

and  unchangeable  constitution.  Charles 
Darwin  then  invoked  the  same  theory  of 
human  nature  to  remind  us  of  duties  to  all 

people  in  universal  bonds  of  brotherhood: 

“If  the  misery  of  our  poor  be  caused  not  by 
the  laws  of  nature,  but  by  our  institutions, 

great  is  our  sin.” 
Stephen  Jay  Gould  teaches  biology,  geol¬ 

ogy,  and  the  history  of  science  at  Harvard University. 
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This  Land 

Below:  Weathered  sandstone  in  the  Shawnee  ' 

Ridge.  Right:  A  prickly  pear  in  bloom. Todd  Fink;  Daybreak  Imagery 

Trigg 
Sandstone 
Pavement, 
Illinois 
by  Robert  H.  Mohlenbrock 

While  most  of  Illinois  is  flat — a  one¬ 

time  prairieland  now  mostly  devoted  to 

com  and  soybean  fields — the  southern 
eighth  of  the  state  is  much  more  varied. 

Three-hundred-foot  limestone  bluffs  line 

the  Mississippi  River  to  the  west  and  the 

Ohio  River  to  the  east  as  they  roll  toward 

their  confluence  at  the  southern  tip  of  the 

state.  In  between  is  a  more  or  less  continu¬ 

ous  outcropping  of  sandstone,  known  as 

the  Shawnee  Ridge,  much  of  which  is 

managed  by  the  Shawnee  National  Forest. 

Within  it  are  exposed  sandstone  surfaces 

up  to  several  acres  in  size.  I  sometimes 

have  referred  to  them  as  glades  or  barrens, 
but  a  better  name  for  them  is  sandstone 

pavements. 

In  the  Shawnee  Ridge  zone  are  200-  to 

300-foot-deep  ravines,  locally  referred  to 
as  canyons,  filled  with  large  American 

beeches,  sugar  maples,  shagbark  hicko¬ 
ries,  and  tulip  poplars.  On  the  midslopes 

above  the  shaded  canyon  floors,  a  rather 

dry  forest  is  dominated  by  several  kinds  of 

oaks,  while  the  driest  ridgetops  support  a 

forest  of  stunted,  gnarly  post  oaks,  black¬ 
jack  oaks,  winged  elms,  black  hickories, 

and  red  cedars.  The  patches  of  exposed 

sandstone,  often  no  more  than  a  few  feet 

wide,  lie  mainly  on  west-  or  southwest¬ 
facing  ridgetops,  where  the  full  heat  of  the 

afternoon  sun  bears  down  on  the  rock  sur¬ 
face.  Trees  have  not  been  able  to  encroach 

on  these  spots  because  conditions  are  so 

hot  and  dry  during  the  growing  season. 

One  of  the  most  extensive  and  pristine 

bare  areas  is  Trigg  Sandstone  Pavement, 

accessible  only  by  a  network  of  one-lane 
gravel  roads.  From  a  distance,  it  appears 

bare  of  vegetation,  but  a  closer  look  re¬ 

veals  a  variety  of  colorful  lichens  ce¬ 
mented  to  the  rock  surface,  as  well  as  mats 

of  black  moss.  The  lichens,  and  to  a  lesser 

extent  the  mosses,  anchor  themselves  on 

the  pavement  by  secreting  an  acid  that 

etches  the  rock  surface  just  enough  for 

them  to  become  established.  After  hun¬ 

dreds  or  even  thousands  of  years,  the 

lichens  and  mosses,  along  with  the 

weather,  have  gradually  eroded  the  sand¬ 
stone,  creating  pockets  and  crevices  filled 
with  thin  soil.  This  soil  provides  tiny 

footholds  for  some  flowering  plants  and 
ferns  that  can  tolerate  the  harsh  habitat. 

One  afternoon  last  summer,  when  the 

air  temperature  had  soared  into  the  mid- 

90s,  I  recorded  the  temperature  at  the  ex¬ 

posed  pavement  surface  at  120°F  (in  com¬ 
parison,  the  soil  of  the  nearest  canyon 

floor  was  only  76°F).  Among  the  plants  I 

found  surviving  this  desertlike  heat  was  a 

prickly  pear  with  waxy,  yellow  flowers. 
This  cactus  stores  lots  of  water  in  its  flat, 

thick  stems,  while  its  leaves,  reduced  to 

hard  spines,  offer  no  surface  for  water  loss. 
Other  succulent  plants  on  the  pavement 

have  fleshy,  water-storing  leaves.  Among 

them  are  a  six-inch-tall,  pink-flowered 

sedum  known  locally  as  widow’s-cross,  a 
small  agave  related  to  the  century  plants  of 

the  western  United  States,  and  a  delicate 

plant  related  to  portulacas  called  flower- 
of-an-hour  (this  plant  is  unrelated  to  the 
flower-of-an-hour  in  the  hibiscus  family). 

The  three-quarter-inch-wide,  pink  flowers 
of  flower-of-an-hour  open  about  ten 

o’clock  in  the  morning  and  begin  to  wither 
an  hour  later.  Beginning  in  mid-July,  one 
or  two  flowers  open  on  the  plant  each  day 

until  all  the  flower  buds  have  opened,  usu¬ 

ally  by  late  August.  The  timing  is  almost 
accurate  enough  to  set  your  watch  by. 

A  dense  covering  of  hairs  or  scales  on 

the  leaves  of  other  plants  insulates  them 

from  the  direct  rays  of  the  sun  and  pre- 

22  Natural  History  7/94 





Joe  LeMonnier 

Chicago 

ILLINOIS 

Spriftgfield Indianapolis 

INDIANA Saint  Louis 

SrfAWNEE 
NATIONAL 

.  ”  'FORE 
V 

Missoo: 

Stonefort 

McCormick 

atura 

Miles 

Nearly  bare  of  soil,  Trigg  Sandstone  pavement  supports  the  growth  of  some 
lichens,  cactuses,  and  other  plants  that  can  tolerate  the  desertlike  heat. 
Kenneth  Murray 

Trigg  Sandstone  Pavement 
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Forest  Supervisor 
Shawnee  National  Forest 

901  S.  Commercial  Street 

Harrisburg,  Illinois  62946 

(618) 253-7114 

vents  moisture  from  escaping.  Lip  fem,  a 

six-inch  fem  with  a  purplish  black  leaf 

stalk,  has  fronds  so  densely  covered  with 

hairs  that  they  hide  the  surface  of  the 

leaves.  Another  six-inch  plant  with  hairy 
leaves  is  small  croton,  while  an  equally 

diminutive  one  whose  protection  consists 

of  flat,  silvery  scales  is  rushfoil. 

Several  species  on  the  sandstone  pave¬ 

ment  have  tiny  leaves,  sometimes  so  re¬ 
duced  that  they  scarcely  resemble  leaves. 

These  provide  less  surface  for  evapora¬ 
tion.  Among  them  are  a  tiny  evening  prim¬ 

rose  known  as  thread-leaved  sundrop,  a 
dwarf  Saint  Johnswort  called  pinweed, 

and  rock  club  moss,  which  is  a  dwarf  ever¬ 

green  plant  closely  related  to  ferns. 

Some  of  the  plants  send  down  unusu¬ 

ally  long  taproots  through  the  rocky 
crevices,  where  they  may  reach  additional 

moisture.  One  of  the  most  striking  is  pen¬ 

cil  flower,  a  yellow-flowering  member  of 

the  pea  family.  While  its  aboveground 

stem  may  be  only  six  to  eight  inches  tall, 

its  taproot  may  penetrate  two  to  four  feet. 

But  some  plants  avoid  the  hottest,  driest 

days  on  Trigg  Sandstone  Pavement  by 

simply  making  their  exit  before  midsum¬ 
mer.  These  are  annual  plants,  which  sprout 

early  in  the  year,  usually  in  March,  and 
produce  their  full  set  of  leaves,  flowers, 
and  fruits  during  April,  May,  and  early 
June.  They  then  wither  away  by  July,  rely¬ 

ing  on  their  seeds  to  repeat  the  cycle  the 
following  year. 

Robert  H.  Mohlenbrock,  professor  emeri¬ 

tus  of  plant  biology  at  Southern  Illinois 

University,  Carbondale,  explores  the  bio¬ 
logical  and  geological  highlights  of  the 
156  U.S.  national  forests. 
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Reviews 

Charting  the  Actual  and  Imagined 
by  Yi-Fu  Tuan 

In  May  of  1977,  geographers  Brian 
Harley  and  David  Woodward  were 
strolling  through  the  English  countryside, 

discussing  a  collaboration  on  the  mapping 
of  North  America.  But  as  they  walked  and 

talked,  they  began  to  plan  a  work  of  even 

greater  scope — a  comprehensive  history 
of  worldwide  mapping  from  prehistoric 
times  to  our  century. 

Under  their  joint  editorship,  two  vol¬ 
umes  of  The  Histoiy  of  Cartography  are 
now  in  print,  with  at  least  four  more  to 
come.  Their  international  team  of  scholars 

has  already  appraised  for  us  an  extraordi¬ 
nary  range  of  cartographic  artifacts,  from 
Neolithic  wall  paintings  to  the  globes, 
maps,  and  diagrams  of  the  ancient 
Mediterranean  and  medieval  European 

worlds  to  the  dazzling  variety  of  carto¬ 
graphic  accomplishments  in  Islamic  and 
Asian  societies.  Future  volumes  will  in¬ 
clude  the  brilliant  works  of  the  Renais- 

The  History  of  Cartography,  edited  by 

J.  B.  Harley  and  David  Woodward,  vol.  2, 
book  2.  University  of  Chicago  Press, 

$150;  950  pp.;  Ulus. 

sance  and  the  Enlightenment;  carto¬ 
graphic  enterprise  in  the  age  of  expansion 

and  the  nineteenth  century;  and  the  tech¬ 

nological  innovations  of  our  time,  includ¬ 

ing,  no  doubt,  satellite  and  GIS  (Geo¬ 
graphical  Information  Systems)  imagery. 

What  do  all  these  artifacts  have  in  com¬ 

mon?  More  simply  put,  what  is  a  map? 
Historians  of  cartography  have  had  to 
choose  between  a  narrow  view,  in  which 

faithfulness  to  the  earth’s  surface  is  of  pri¬ 
mary  importance,  and  a  liberal  view, 

which,  in  contrast,  regards  a  map  as  any 
attempt  to  picture  the  spatial  qualities  of 
the  world,  actual  or  imagined.  The  narrow 

view  is  heavily  Western,  with  an  emphasis 

on  progress  toward  systematic  measure¬ 
ment  and  precision.  The  liberal  view  em¬ 

phasizes  the  multiplicity  of  styles,  incom¬ 
mensurate  as  to  purpose,  hence  not  to  be 
ranked  on  a  uniform  scale  of  achievement. 
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Kuwagata  Keisai’s  1804  woodblock  print 
was  the  first  aerial  image  of  Japan. 
Bibliotheek  der  Rijksuniversiteit,  Leiden 
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Museum  fur  Indische  Kunst,  Staatliche  Museen  zu  Berlin 

A  Thai  map  of  Asia,  from  the  Arabian  Sea 

to  Korea  and  Japan,  above,  is  dated  1176 

and  signed  by  four  artists.  India  appears 

near  the  right  border,  while  China 

dominates  the  left  half  of  the  map.  The 

islands  along  the  top  depict  the 

archipelagoes  of  Japan  and  what  is  now 

Indonesia.  Right:  A  nineteenth-centwy 
Chinese  pictorial  map  of  the  Yangtze  and 

Han  Rivers  show  flood  control  works  in 
Hubei  Province. 

Unlike  earlier  historians  of  cartography, 

Harley  and  Woodward  have  wholeheart¬ 
edly  embraced  the  liberal  view. 

China,  Korea,  Japan,  Tibet,  and  South¬ 
east  Asia  are  the  five  areas  covered  in  this 

volume.  Of  these,  Southeast  Asia’s  carto¬ 
graphic  artifacts  are  the  most  heteroge¬ 
neous.  The  area  as  a  whole  can  hardly  be 

said  to  have  a  cartographic  tradition. 

Maps,  for  instance,  bear  little  similarity  to 

one  another  even  when  they  come  from 

the  same  Malay  world.  Moreoever,  parts 

of  Southeast  Asia,  including  the  Philip¬ 
pines,  Laos,  and  Cambodia,  have  not 

yielded  a  single  premodem  noncosmo- 
graphic  map.  Writing  a  coherent  chapter 

on  Southeast  Asian  cartography  is  there¬ 

fore  a  special  challenge,  one  that  its  au¬ 
thor,  Joseph  Schwartzberg,  gallantly  tries 
to  meet. 

Tibet  presents  another  kind  of  chal¬ 
lenge.  A  rich  cartographic  tradition  does 

indeed  exist  there,  but  only  if  one  assumes 

an  exceptionally  broad  understanding  of  a 

map.  The  innumerable  mandalas  and  the 
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chortens  (shrines  for  the  housing  of  reli¬ 

quaries)  can  be  included  in  Tibet’s  carto¬ 
graphic  heritage,  for  they  may  all  be 

viewed  as  attempts  to  envisage  and  repro¬ 
duce  the  Buddhist  cosmos,  often  in  a 

highly  schematic  manner.  Paintings  that  il¬ 
lustrate  Tibetan  works  of  mythology  and 

hagiography  are  not  maps  in  any  sense, 

yet  they,  too,  furnish  maplike  components 

and  scenes  if  one  searches  hard  enough. 

The  dominant  role  of  religion  in  Tibet’s 
cultural  heritage,  which  is  a  distillation  of 
Hindu  and  Chinese  civilizations  in  almost 

equal  parts,  makes  the  customs  and  arti¬ 
facts  of  that  country,  including  maps, 

highly  distinctive.  Mapmaking  in  Korea 

and  Japan  is  more  mainstream,  being  part 

of  a  large  cartographic  realm  that  has 

China  at  its  historical  core.  However,  de¬ 

spite  strong  Chinese  influence,  Korea  and 

Japan  have  developed  their  own  mapping 
traditions. 

Korea’s  form  of  government  became 
highly  centralized,  after  the  Chinese 

model,  during  the  Koryo  dynasty,  from 

a.d.  918  to  1392.  Such  centralization  ne¬ 

cessitated  detailed  knowledge  of  local 

units,  including  the  sort  of  information 

best  displayed  on  maps.  Moreover,  this 
was  a  time  when  the  Koreans,  even  more 

than  the  Chinese,  were  enamored  of  geo- 
mancy,  or  divination  by  means  of  the 

earth’s  configuration.  The  geomantic 
analysis  of  site  and  location  at  different 

scales  required  mapping  skills.  As  Gari 

Ledyard,  the  author  of  the  chapter  on 

Korea,  puts  it:  “During  the  ninth  and  tenth 
centuries  the  mountain  paths  must  have 

been  thronged  with  monks  and  geo- 

mancers  searching  out  the  secrets  of  the 

nation’s  arterial  system.”  Measurement 
became  a  requirement  (although  clearly 

not  the  only  one)  as  early  as  the  fifteenth 

century,  when  a  landscape  artist,  a  mathe¬ 
matician-surveyor,  a  cartographer,  and  a 

geomancer  might  all  cooperate  to  produce 

a  good  likeness  of  Seoul.  Korea,  more¬ 
over,  has  always  been  sensitive  to  threats 

by  external  enemies,  and  one  way  to  cope 
with  such  threats,  particularly  during  the 

seventeenth  century,  was  to  produce  good 

maps.  Although  functional,  these  never¬ 
theless  were  drawn  to  appeal  to  the  eye. 

Korea  can  boast  the  earliest  world  map 

(circa  1402)  in  East  Asia.  Its  purpose 
would  seem  to  have  been  to  show  the 

country  as  large  and  important,  unlike 



Japan,  which  is  pushed  to  the  side.  China 

has  produced  a  number  of  empire  maps 

that,  from  its  ethnocentric  viewpoint,  were 

world  maps.  Ethnocentric  in  its  own  way, 

Japan  was  too  interested  in  itself  to  map 

the  rest  of  the  world.  Maps  of  its  own  is¬ 
lands  were  abundantly  drawn  at  different 

scales  as  early  as  the  Nara  period,  from 
710  to  784. 

Japan,  as  Kazutaka  I  Jnno  says  in  his 

chapter,  is  “a  pragmatically  oriented  soci¬ 

ety.”  The  vast  majority  of  premodern 
maps  catered  to  practical  uses,  including 

administration,  the  settling  of  boundary 

disputes,  way-finding  for  pilgrims  and,  in¬ 

creasingly,  for  tourists  during  the  Edo  pe¬ 
riod  from  1603  until  1867.  Indeed,  from 

1700  onward,  as  more  and  more  ordinary 

people  could  afford  to  travel  for  pleasure, 

they  took  to  consulting  gazetteers  and 

buying  printed  maps  that  showed  places 

worthy  of  a  visit.  Japanese  mapmaking 

throughout  the  Edo  period,  although  con¬ 
cerned  foremost  with  use,  also  aspired  to 

high  aesthetic  quality.  Cartographers  were 

artists,  and  many  maps  had  only  a  decora¬ 

tive  purpose — for  instance,  those  that  ap¬ 
peared  on  folding  screens,  hanging  scrolls, 

sword  guards,  and  plates. 
I  have  left  China  until  the  last  because 

of  the  questions  raised  by  Cordell  D.  K. 

Yee.  What  is  a  map?  And  what  constitutes 

cartographic  excellence?  His  chapters  on 
China  have  a  narrative  flow  that  the  other 

chapters  lack,  in  part  because  Yee  is  more 

successful  in  presenting  facts  within  a 

context  of  general  ideas  and  arguments. 

China,  in  its  long  imperial  history,  has  pro¬ 

duced  many  cartographic  artifacts,  includ¬ 
ing  cosmographic  schemata,  geographical 

maps  at  scales  that  range  from  empires  to 

local  regions  covered  in  gazetteers,  and 

specialized  hydrological  and  property-line 

surveys.  Even  under  the  narrowest  defini¬ 
tion,  the  noncosmographic  artifacts  must 

be  considered  maps. 

Modem  Chinese  scholars,  swayed  by 

Western  cartographic  values,  have  noted 

how  backward  even  some  of  their  nine¬ 

teenth-century  maps  are.  Such  maps  still 

resort  to  pictorialism  and  show  no  meridi¬ 
ans  and  parallels.  On  the  other  hand,  the 

same  scholars  are  surprised  and  pleased  to 

discover  how  modem  some  very  old  Chi¬ 
nese  maps  look.  Silk  maps  found  in  a  tomb 

in  Hunan  Province,  for  example,  date  from 
about  150  b.c.  and  show  the  location  of 

army  installations  and  headquarters;  color 

is  used  to  distinguish  different  kinds  of 

features  and  to  provide  some  evidence  of 

scale.  Accuracy  was  at  least  implicitly  a 
criterion  of  excellence  in  ancient  China. 

Indeed,  Pei  Xiu,  who  lived  in  the  third 

century  a.d.,  advocated  using  measure¬ 
ment  and  scale  for  achieving  fidelity  to  ge¬ 

ographic  actualities. 

Given  China’s  remarkable  headstart  in 

cartographic  science,  one  can’t  help  but 

wonder  why  it  didn’t  blossom  there  as  it 
did  in  Europe.  Several  reasons  come  to 
mind.  One  is  that  the  earliest  maps,  which 

were  placed  in  tombs,  were  icons  of  quasi- 

magical  potency,  not  just  functional  de¬ 
vices.  If  true,  that  simply  shows  what 

people  believed  in  more  than  two  thou¬ 

sand  years  ago.  A  milder  version  of  the 

same  idea  is  that  maps  have  power — they 

“command”  a  territory  and  can  evoke  a 

sense  of  place.  But  any  informative  and  at¬ 
tractive  map,  even  a  gas  station  road  map, 

can  have  this  sort  of  power,  which  may 

well  be  inherent  to  all  maps.  Perhaps  Chi¬ 
nese  cartography  was  too  intimately  fused 
with  aesthetics  for  it  to  develop  separately 

as  a  science.  In  my  view,  aesthetic  consid¬ 
erations  have  also  been  a  strong  historic 

component  of  Western  mapmaking,  yet 

they  did  not  hinder  it  from  developing  into 
a  science. 

One  significant  difference  between 

China  and  the  West  is  the  strong  and  per¬ 

sistent  pictorial  element  in  Chinese  cartog¬ 

raphy.  Map  and  landscape  art  (which  fre¬ 
quently  shows  maplike  scenes  from  an 

oblique  angle)  are  more  closely  integrated 

in  China  than  they  are  in  Europe.  Another 

difference  is  the  Chinese  emphasis  on  the 

written  text.  As  Yee  has  repeatedly  noted, 

Chinese  cartographers  did  not  feel  the 
need  to  indicate  accurate  scale  because 

they  believed  that  quantitative  information 
could  be  accommodated  more  readily  in 

words.  This  textual  emphasis  reflects 

China’s  traditional  allocation  of  prestige  to 
verbal,  as  distinct  from  spatial-technical, 

skills.  And  finally,  China’s  attitude  to 
knowledge  has  always  been  pragmatic: 

there  was  little  desire  to  pursue  knowledge 

systematically  for  its  own  sake.  Cartogra¬ 
phy  was  essentially  a  tool  of  government, 
a  skill  that  all  officials  should  have,  along 

with  other  technical  skills  such  as  engi¬ 

neering,  building  and  dam  construction, 
and  military  strategy. 

The  questions  I  have  raised  are  not  (ex¬ 

cept  for  Yee’s  chapters)  the  ones  The  His¬ 
tory  of  Cartography,  as  a  whole,  seeks  to 

address.  The  History' s  basic  premise  is 
that  maps  are  different,  as  are  cultures.  Its 

purpose  is  to  display  the  richness  of  arti¬ 
facts,  and  it  has  done  so  magnificently  and 

with  exemplary  thoroughness.  What  I 
miss  in  this  authoritative  work,  however,  is 

a  sense  of  story — of  theses  and  themes. 

The  British  Library,  London 

Painted  on  heavy  mulberry  bark  paper,  a 

Burmese  cosmological  map,  above,  is 

part  of  an  illustrated,  late-nineteenth- century  manuscript.  Right:  A  map  of  the 

Potala  and  other  holy  places  of  central 

Tibet,  probably  painted  in  the  late 
eighteenth  century,  represents  an  area  of 

several  thousand  square  miles.  The  two 

elephants  in  front  of  the  Potala  were  gifts 

from  the  king  of  Nepal  to  the  Dalai  Lama 
and  were  said  to  have  died  not  long  after 

their  arrival  on  the  high  plateau. 

Some  chapters  have  almost  the  texture  of  a 

catalogue  raisonne,  rather  than  of  essays 

that  one  would  want  to  read  through.  Is 

there  now  a  general  agreement  among  stu¬ 
dents  of  cartography  that  maps,  like  other 

artistic  creations,  have  no  history  of  devel¬ 
opment?  Tibetan  students  may  well  say 

yes,  and  so  remove  their  maps  from  the 
onus  of  comparison.  By  contrast.  East 

Asian  students  have  accepted  the  values  of 

Western  cartography,  even  though,  in 

doing  so,  they  risk  finding  then'  own  her¬ 
itage  deficient.  They  have  embraced  mod¬ 
em  Western  cartography  as  they  have  em¬ 
braced  modernization,  because  they  know 

that  only  it  has  the  power  to  make  their 

countries  politically  and  economically 

strong.  Ironically,  not  Asian  but  Western 
scholars  now  see  cartography  more  as 
works  of  art  and  culture  than  as  works  of 

applied  knowledge  that  can  improve  over 
time. 

Yi-Fu  Tuan  is  the  J.  K.  Wright  and  Vilas 

Professor  of  Geography  at  the  University 

ofWisconsin-Madison.  His  books  include: 

Passing  Strange  and  Wonderful,  Topo- 

philia,  Landscapes  of  Fear,  and  Morality 
and  Imagination. 
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Mussels,  periwinkles,  barnacles,  and  rockweed,  left,  flourish  in 
tidal  pools,  such  as  those  along  the  rocky  shoreline  of  Mount 
Desert  Island,  Maine,  bottom. 
Anne  Heimann 

Give  Me  Your  Shelled,  Your  Qawed 
The  community  of  mollusks  and  crustaceans  along  America’s  North  Atlantic 
shores  is  a  melting  pot  of  natives  and  immigrants 

by  Geerat  J.  Vermeij 

To  the  New  England  naturalist,  the  tide 

pools  on  the  rockbound  shores  of  Maine 

and  southeastern  Canada  present  a  famil¬ 
iar  scene.  While  mussels  and  acom  bar¬ 

nacles  are  busily  filtering  small  food  par¬ 
ticles  out  of  the  water  that  bathes  them, 

periwinkles  are  quietly  grazing  the  lush 

growth  of  delicate  green  sea  lettuce.  Dog 

whelks  crawl  slowly  about  in  search  of 

barnacles  and  mussels.  Deeper  in  the  pool, 

under  a  canopy  of  brown  kelp,  sea  urchins 

scrape  away  encrusting  plants  and  ani¬ 
mals,  while  crabs  and  lobsters  scuttle  to 

places  of  shelter. 
So  familiar  and  unremarkable  is  this 

community  that  we  are  apt  to  think  of  it  as 

timeless,  existing  in  balance,  if  not  in  har¬ 

mony,  for  ages.  Yet  beneath  this  superfi¬ 
cial  serenity  lurks  the  ferment  of  history. 

The  apparently  stable  community  is  in  re¬ 

ality  a  melting  pot  of  natives  and  immi¬ 

grants,  a  “crab  bag”  thrown  together  by 
extraordinary  events  and  circumstances 

dating  from  four  million  years  ago  to  the 

present.  The  tale  is  one  of  invasion  and  ex¬ 

tinction,  and  of  new  links  being  forged  be¬ 
tween  species  that  evolved  in  regions  as 

different  as  coastal  Europe,  North  Amer¬ 
ica,  and  the  North  Pacific. 

I  became  interested  in  this  kind  of  his¬ 

tory  once  I  started  to  compare  marine  life 

from  biologically  distinct,  but  climatically 

similar,  parts  of  the  world.  The  shallow- 
water  communities  of  the  cold  North  Pa¬ 

cific  shores,  from  north  of  Oregon  in  the 

east  to  Honshu,  Japan,  in  the  west,  are  in¬ 

triguing  because  they  harbor  two  to  three 

times  as  many  species  as  do  those  of  east¬ 
ern  North  America  north  of  Cape  Cod. 

Such  disparities  may  reflect  subtly  differ¬ 
ent  climates,  but  they  also  expose  the  role 

of  history. 

Why  should  we  study  the  history  of 

Ted  Levin 
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European  green  crabs,  below,  mate  in  the  shallow  waters  of  a 

tidal  pool.  As  commerce  between  Europe  and  North  America 

increased  in  the  mid-eighteenth  century,  the  species  first 

appeared  south  of  Cape  Cod  and  eventually  spread  north  to 

Nova  Scotia.  The  dog  whelk,  right,  migrated  from  the  Pacific  to 

the  Atlantic  about  2.4  million  years  ago;  when  the  predatory 

green  crab  arrived,  the  whelk's  shell  lip  thickened. Herb  Segars 

communities?  The  simple  answer  is  that 

the  past  is  a  key  to  the  present  and  a  pos¬ 

sible  guide  to  the  future.  In  the  human- 
dominated  world  of  today,  invasion  and 

extinction  of  communities  are  nearly 

everyday  phenomena  that  have  potentially 

profound  consequences  for  the  humans 

that  depend  on  them.  By  reconstructing 

the  comings  and  goings  of  species  on  the 

geological  time  scale,  we  can  begin  to  ap¬ 

preciate  the  longer-term  consequences  of 
changes  that  are  sweeping  the  biosphere. 

The  detective  work  of  reconstructing 

biological  history  involves  fields  as  di¬ 

verse  as  paleontology  and  molecular  biol¬ 
ogy.  Not  only  must  we  trace  the  genealogy 

of  species  by  inferring  the  sequence  of 

evolutionary  branching  events  from  the 

ancestral  stock  to  the  descendant  lineages 

but  we  must  also  assign  dates  and  places 

to  these  events.  Of  course,  species  did  not 
evolve  in  a  vacuum.  We  must  therefore 

probe  the  everyday  circumstances  of  life 

for  species  in  the  past  as  well  as  for  those 

in  the  present. 

Consider  the  dog  whelk.  This  snail, 

which  preys  on  barnacles  and  mussels, 

abounds  on  rocky  shores  on  both  sides  of 
the  North  Atlantic.  It  has  no  close  relatives 

in  the  Atlantic,  but  at  least  seven  species  of 

dog  whelk,  as  well  as  many  fossil  forms. 

are  found  in  the  North  Pacific.  In  collabo¬ 

ration  with  Kazutaka  Amano  and  his  stu¬ 

dent  Ken  Narita,  of  Joetsu  University  of 

Education  in  Japan,  I  have  shown  that  the 

earliest  dog  whelks  lived  in  the  waters  off 

what  is  now  California  about  twenty  mil¬ 
lion  years  ago,  during  the  Miocene.  By  the 

middle  Miocene,  several  million  years 

later,  this  ancestral  species  had  spread 

across  the  Pacific  to  the  coast  of  Japan. 

The  history  remained  an  exclusively 
Pacific  affair  for  the  next  twelve  million 

years  or  so.  The  first  evidence  of  dog 
whelks  in  the  Atlantic  comes  from  North 

Sea  fossil  deposits  of  late  Pliocene  age, 

about  2.4  million  years  old.  Just  when 

these  snails  reached  North  America  is  un¬ 

known,  but  scientists  have  found  dog 

whelk  fossils  in  Late  Pleistocene  deposits 

in  Quebec,  Maine,  and  Nova  Scotia,  indi¬ 
cating  that  the  species  has  been  in  those 

waters  for  at  least  forty  thousand  years. 

The  fossil  record  thus  implies  that  the 

Atlantic  species  descended  from  a  North 

Pacific  ancestor.  But  which  of  the  many 

North  Pacific  lineages  gave  rise  to  the  At¬ 
lantic  dog  whelk?  And  when  and  how  did 

it  migrate  out  of  the  Pacific?  Timothy 

Collins,  of  the  University  of  Michigan, 

began  working  with  A.  Richard  Palmer,  of 

the  University  of  Alberta,  and  with  me  on 

these  questions  about  four  years  ago.  He 

and  his  student  Ken  Frazer  extracted  ge¬ 
netic  material  from  the  tissues  of  dog 
whelks  that  we  had  collected  from  various 

Pacific  and  Atlantic  sites  to  determine 
their  evolutionary  history. 

The  Atlantic  dog  whelk,  it  turns  out,  is 

most  closely  related  to  a  species  whose 
stock  can  be  traced  back  to  middle 

Miocene  time  in  Japan.  A  fossil  closely  re¬ 

sembling  the  Asian  dog  whelk  is  known 

from  a  beach  deposit  of  Pliocene  age  near 

Nome,  Alaska,  just  north  of  the  Bering 
Strait.  Evidently,  it  was  able  to  enter  the 

Arctic-Atlantic  basin  through  the  Bering 
Strait  at  a  time  when  these  northern  waters 

were  warmer  than  today.  The  species  then 

spread  to  European  shores,  where  the  typ¬ 
ical  Atlantic  dog  whelk  evolved. 

The  dog  whelk  is  only  one  of  hundreds 

of  Atlantic  marine  species  whose  evolu¬ 

tionary  origins  can  be  traced  to  the  North 

Pacific.  By  my  most  recent  count,  at  least 

274  fossil  and  living  species  of  shell-bear- 
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ing  mollusks  of  the  Arctic  and  North  At¬ 

lantic  spread  from  the  Pacific  through  the 

Bering  Strait — or  are  descended  from 

those  that  did.  Of  this  number,  108  are 

found  on  the  American  side  of  the  Atlantic 

and  account  for  about  33  percent  of  the 

335  shell-bearing  species  living  between 

southern  Labrador  and  Cape  Cod,  Massa¬ 

chusetts.  Most  of  them,  about  80  percent, 

live  in  rocky-shore  communities.  Among 

the  animals  and  plants  of  Pacific  origin 

that  have  been  in  the  North  Atlantic  tor 

less  than  three  million  years  are  acom  bar¬ 

nacles,  mussels,  periwinkles,  sea  urchins, 

starfishes,  eelgrass,  and  kelps.  Even  in 

sandy  areas,  invaders  form  a  conspicuous 

part  of  the  community  of  organisms,  fa¬ 

miliar  examples  being  the  soft-shelled 

clam  and  the  sand  dollar. 

The  common  periwinkle  represents  an¬ 

other  particularly  interesting  case  of  inv
a¬ 

sion.  Today,  this  snail  is  the  most  abundant 

mollusk  on  rocky  shores  from  Newfound¬ 

land  to  New  York.  It  is  the  most  important 

consumer  of  seaweeds,  on  which  it  grazes 

with  its  tonguelike  radula.  Like  the  dog 

whelk,  the  periwinkle  originated  in  the 

North  Pacific.  After  the  Bering  Strait 

opened,  the  Asian  periwinkle — or  a  spe¬ 

cies  very  much  like  it — expanded  its  range 

to  the  Arctic  Ocean  and  thence  to  Europe. 

Early  forms  of  the  common  periwinkle — 

dating  to  about  2.4  million  years  ago — 
have  been  found  in  the  North  Sea  region; 

the  sculptured  surface  pattern  of  their 

shells  is  remarkably  like  that  of  the  Asian 

species  and  of  a  closely  related  fossil  spe¬ 
cies  from  California.  Typical  common 

periwinkles  appeared  a  little  later,  during 

the  early  Pleistocene,  about  1.6  million 

years  ago. 
Some  evidence  exists  that  this  peri¬ 

winkle  may  have  grazed  along  the  Nova 

Scotia  shore  during  the  last  interglacial 

stage  of  the  Pleistocene,  about  40,000 

years  ago,  as  well  as  during  the  time  of 

Viking  occupation  in  Newfoundland  after 

the  year  a.d.  1000.  Before  1840,  however, 

the  common  periwinkle  was  unknown  to 

observers  in  Canada  and  the  United  States. 

After  its  discovery  in  Nova  Scotia,  the 

common  periwinkle  began  to  spread 

rapidly,  reaching  Maine  by  1869  and  At¬ lantic  City,  New  Jersey,  by  1892. 

The  new  periwinkle  must  have  had  a 

drastic  effect  on  the  native  animals  and 

vegetation  of  the  rocky  shore.  Before  it  ar¬ 

rived,  the  only  other  grazing  snails  in  the 

area  were  two  small,  native  species — both 

also  of  Pacific  origin — that  do  not  graze  as 

intensively.  By  monitoring  experimental 

plots  with  and  without  the  new  species, 

my  former  student  Mark  Bertness,  now  a 

professor  at  Brown  University,  showed 

that  a  luxuriant  cover  of  seaweeds  devel¬ 

ops  in  its  absence. 
In  historic  times,  European  discovery  of 

the  Americas  profoundly  affected  the  ani¬ 
mal  inhabitants  of  shore  communities.  The 

green  crab,  one  of  the  most  common 

predators  of  shore  snails  and  mussels  in 
eastern  North  America,  seems  to  have 

been  introduced  to  the  mid- Atlantic  coast 

by  human  commerce  as  early  as  the  eight¬ 

eenth  century;  the  species  belongs  to  a  lin¬ 

eage  whose  fossils  are  known  exclusively 

from  Europe.  But  it  was  not  until  the  early 

twentieth  century  that  the  green  crab 

began  to  spread  north  of  Cape  Cod.  By  the 

1950s,  it  had  reached  its  present  northern 

and  eastern  limits  in  Nova  Scotia. 

In  1980, 1  decided  to  find  out  whether 

the  addition  of  this  predator  to  the  rocky- 

shore  community  was  “noticed”  by  poten¬ 
tial  prey.  Crabs  often  attack  by  breaking 

the  outer  lip  of  a  prey’s  shell.  If  the  preda¬ 
tor  is  unsuccessful,  the  surviving  snail  can 

repair  the  damage.  Such  repair  work  is 

recorded  as  a  jagged  scar  on  the  shell’s  ex¬ terior.  The  northward  spread  of  the  green 

crab  into  Maine  and  the  Maritime  Prov¬ 

inces  should,  I  reasoned,  have  coincided 

with  a  rise  in  the  frequency  of  scars. 

To  test  this  idea,  I  needed  to  find  collec¬ 

tions  of  periwinkles  and  dog  whelks  trom 

before  as  well  as  after  the  green  crab’s  ar¬ 
rival.  Fortunately,  many  museums  house 

beautifully  documented  collections  made 

from  the  mid-nineteenth  century  onward, 
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which  have  enabled  us  to  track  the  re¬ 

sponses  of  species  to  environmental 

changes  through  time.  I  was  thus  able  to 

inspect  large  samples  of  common  species 

from  many  dates  and  places.  To  my  de¬ 
light,  a  distinct  rise  in  the  frequency  of 

shell  repair  was  detectable  in  periwinkles, 

as  well  as  in  dog  whelks. 

The  next  question  was  obvious:  Did  the 

arrival  of  the  green  crab  result  in  evolu¬ 
tionary  changes  in  shell  defense  that 
would  make  the  shell  a  better  fortress? 

Did,  for  example,  snail  shells  become 

thicker?  or  did  the  shells’  openings  be¬ 
come  relatively  smaller  so  that  breaking 

and  entering  would  become  more  difficult 

and  time-consuming  for  the  predator?  In 
the  case  of  the  common  periwinkle,  the 

answer  was  an  unequivocal  no.  Neither 

shell  shape  nor  thickness  showed  any 

change  during  the  last  150  years. 

For  the  dog  whelk,  however,  the  answer 

was  different.  Shells  collected  after  the  ar¬ 

rival  of  the  green  crab  had  thicker  lips  than 

those  at  the  same  sites  before  green  crabs 

appeared  there.  One  is,  of  course,  tempted 

to  interpret  this  change  in  evolutionary 

terms:  natural  selection,  affected  by  the 

predators,  favored  the  survival  and  repro¬ 
duction  of  individuals  with  thick-lipped 
shells. 

This  may  not  be  the  whole  story,  how¬ 

ever.  In  clever  experiments  with  the  At¬ 
lantic  dog  whelk  and  with  the  related 

North  Pacific  dog  whelk,  A.  Richard 

Palmer  has  shown  that  in  the  presence  of 

crabs,  individual  snails  develop  a  thick¬ 
ened  shell  lip,  perhaps  because  they  spend 

more  time  hiding  and  less  time  moving, 

feeding,  and  growing  than  do  snails  not 

exposed  to  the  presence  or  even  the  scent 

of  predatory  crabs.  In  other  words,  the 

change  in  lip  thickness  over  time  may  re¬ 
flect  individual  responses  rather  than,  or 

perhaps  in  addition  to,  natural  selection  in 

the  dog  whelk. 

The  flat  periwinkle  has  also  changed 

since  the  green  crab  came  to  the  western 

Atlantic’s  rocky  shore.  Robin  Hadlock’s 
work  at  Yale  University  has  shown  that 

periwinkle  shells  have  become  higher 

spired  and  have  a  smaller  opening  since 

the  predator’s  arrival,  and  that  populations 
living  where  green  crabs  are  absent  have 

retained  their  ancestral,  thin,  high-spired 
shells.  We  do  not  know  whether  this 

change  is  genetic  or  an  individual  re¬ 

sponse. These  case  studies  make  two  important 

points.  The  first  is  that  invading  species 

can  have  substantial  effects  on  native  spe¬ 
cies  in  a  recipient  community.  Although 

these  effects  may  not  always  be  evolution¬ 

ary  at  first,  they  have  the  potential  for  be¬ 
coming  so  over  time.  The  second  point  is 

that  such  inferences  of  change  would  be 

impossible  without  museum  collections  of 
common  animals.  These  collections  are 

not  only  necessary  for  the  proper  identifi¬ 

cation  of  species  but  also  for  tracking  re¬ 
cent  biological  history.  The  collections  are 

essential  as  a  means  of  documenting  envi- 
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David  Cavagnaro 
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ronmental  changes  and  the  responses  of 

species  to  them. 

Some  clams  and  snails  may  have  ex¬ 
tended  their  range  from  Europe  to  North 

America  before  human  commerce  brought 

the  common  periwinkle  and  the  green  crab 

to  the  New  World.  Still  others,  such  as  the 

predatory  moon  snail,  have  long  histories 
in  eastern  North  America.  The  moon  snail 

is  the  most  recent  species  in  an  ancient  lin¬ 
eage  traceable  to  the  early  Miocene  and 

beyond  in  the  great  fossil  deposits  of  the 

Chesapeake  embayment.  The  quahog 

clam,  sea  scallop,  bay  scallop,  slipper 

limpet,  and  oyster  drill  are  other  North 

American  species  that  can  be  traced  to  the 
Miocene  or  earlier. 

Some  species  belonging  to  native  lin¬ 

eages  have  forged  intimate  links  with  im¬ 

migrants.  The  Pacific-derived  flat  periwin¬ 
kle,  a  specialized  herbivore,  preys  on 

several  species  of  bladderweeds,  which 

likely  had  an  Atlantic  origin.  None  of  the 

living  North  Pacific  relatives  of  the  flat 

Dog  whelks  and  small  barnacles,  predators  and  prey,  cluster  on  a  rocky 
outcrop  on  Deer  Island,  Maine,  left.  A  ten-rayed  sea  star,  below, 
another  immigrant  from  the  Pacific,  lies  in  a  bed  of  mussels  waiting  for smaller  sea  stars  to  prey  upon. 
Bill  Curtsinger 

periwinkle  have  evolved  the  same  dietary 

specialization. 
Why  has  the  east  coast  of  the  United 

States  and  Canada  been  so  kind  to  marine 

immigrants?  Only  about  12  percent  of 

species  in  Europe’s  North  Atlantic  are  of 
immigrant  stock.  In  the  North  Pacific,  the 

proportion  is  3  percent  or  less,  and  in  most 

tropical  regions  it  is  lower  still.  Perhaps 

currents  in  the  northwestern  Atlantic  pre¬ 
sented  opportunities  for  species  from 

neighboring  regions  to  disperse  here.  But 

why — once  the  Bering  Strait  opened — did 
only  a  trickle  of  species  from  the  Atlantic 
move  into  the  Pacific  while  so  many  went 
the  other  way? 

I  think  the  explanation  lies  in  the  pre¬ 
invasion  history  of  the  waters  off  eastern 

North  America.  Invading  species  are  most 

likely  to  establish  viable  populations  if 
there  are  few  incumbents.  Extinction  and 

overexploitation  of  native  species  could 

therefore  have  provided  unparalleled  op¬ 
portunities  for  the  subsequent  success  of 

immigrants. 
These  waters  witnessed  an  extraordi¬ 

nary  biological  impoverishment  during  the 
Pliocene,  before  the  invasions  from  the 

North  Pacific  began  in  earnest.  Stephen 

Stanley,  of  Johns  Hopkins  University,  esti¬ 
mates  that  more  than  75  percent  of  clam 

species  living  along  the  east  coast  of  the 

United  States  during  the  early  Pliocene  be¬ 
came  extinct  before  the  beginning  of  the 

Pleistocene’s  glacial  cycles.  Extinction 
among  snails  may  have  been  even  more 
severe.  Losses  in  other  parts  of  the  world, 

although  still  substantial,  were  much 
smaller. 

Some  of  the  void  left  by  these  extinc¬ 

tions  was  filled  by  immigrants  from  Eu¬ 
rope  and  the  Pacific.  Surprisingly,  few  if 

any  of  the  surviving  native  lineages  under¬ 
went  evolutionary  branching  to  give  rise 

to  new  daughter  species;  most  simply 

changed  or  remained  the  same  without 

branching.  Why  these  survivors  did  not  di¬ 
versify  is  unclear.  Another  puzzle  is  why 

species  living  in  the  subtropical  waters 
from  the  Carolinas  southward  did  not  give 

rise  to  cold-adapted  offshoots  along  the 

coast  from  Virginia  northward. 
Extinctions  have  continued  to  plague 

species  of  the  northwestern  Atlantic  even 

in  our  own  day.  During  the  last  150  years, 

four  have  become  extinct:  the  great  auk, 

Labrador  duck,  sea  mink,  and  eelgrass 

limpet.  Atlantic  populations  of  the  gray 

whale  may  have  been  exterminated  as 

early  as  1675.  All  these  species  played  im¬ 

portant  ecological  roles  in  nearshore  com¬ 
munities.  The  auk  appears  to  have  been  an 
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important  predator  of  fish,  while  the 

Labrador  duck  and  sea  mink  probably 

preyed  on  marine  invertebrates,  including 

mollusks.  The  Pacific-derived  eelgrass 

limpet,  a  small,  cap-shaped  snail,  evi¬ 
dently  lived  and  fed  exclusively  on  the 

blades  of  eelgrass.  During  the  early  1930s, 

the  plant  was  decimated  by  a  wasting  dis¬ 
ease  that  resulted  in  its  extinction.  The 

gray  whale,  which  survives  today  in  the 

Pacific,  intensively  chums  the  sea  bottom 

in  search  of  its  invertebrate  prey.  The  loss 

of  these  species  in  the  Atlantic  had  poten¬ 
tially  drastic  ecological  consequences  for 

the  marine  communities  of  New  England 
and  southeastern  Canada. 

To  make  matters  worse,  several  key 

players  in  the  marine  ecosystem  have  been 

very  heavily  exploited  during  the  past  few 

centuries.  Visitors  and  settlers  in  the  colo¬ 

nial  period  found  lobsters  and  cod  so 

abundant  just  offshore  that  gathering  them 

required  no  special  effort.  Intensive  cod 

fishing  and  the  invention  of  lobster  can¬ 
ning  during  the  1 840s  led  to  sharp  declines 

in  nearshore  populations  of  these  preda¬ 
tors.  Prey  species,  perhaps  including  new 

European  immigrants,  were  thus  released 

from  the  population  control  previously  ex¬ 
ercised  by  lobsters,  cod,  and  the  extinct 

predatory  birds  and  mammals. 

The  history  of  marine  life  in  New  Eng¬ 
land  and  the  Maritime  Provinces  may  be 

unusual  in  that  the  magnitude  of  extinction 

and  the  proportion  of  immigrants  were 

very  high,  but  the  lessons  to  be  drawn 

from  this  history  must  not  be  ignored. 

Everywhere  in  the  world,  species  are 

being  driven  to  extinction  while  others 

continue  to  be  harvested  to  population  lev¬ 

els  far  below  those  encountered  by  our  an¬ 
cestors.  More  than  ever  before,  species 

have  been  handed  opportunities  to  found 

immigrant  populations,  with  or  without 

help  from  people.  History  tells  us  that  ex¬ 
tinctions  and  introductions  bring  about 

major  changes  that  affect  all  members  of 

the  community,  often  in  unanticipated 

ways.  Visitors  to  the  tide  pools  of  Maine  a 

century  from  now  may  well  behold  a 

scene  quite  different  from  the  one  we  now 

take  for  granted.  □ 
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Flat  periwinkles  of  the  Atlantic  coast  graze  on  native 
hladderweeds,  a  dietary  specialty  their  Pacific 

relatives  never  evolved. 





EVERY  time  a  new  Geo  takes  its  very  first  journey,  a  tree  is 

planted.  We  think  it’s  TIME  we  all  took  our  responsibility  more 

seriously.  So  now  YOU,  your  friends  and  your  family  can  all 

BREATHE  a  sigh  of  relief.  Recently  more  than  200,000 

trees  have  heen  planted  in  America.  And  450,000  trees  will  he  sprouting 

in  new  soil  hy  year’s  end.  There  are  lots  of  non-profit  partners  to 

THANK.  There  are  Chevy/Geo  dealers  to  thank.  And  a  company 

that  is  trying  to  balance  A  country’s  need  for  cars  and  the  planet’s 

d  for  health.  To  learn  about  the  Geo  TREE  Program,  just  call neei 

today  at  1-800-TRE  E  -  G  E  O.  It  could  make  a  world  of  difference. us  today 

rnffir  Genuine  Chevrolet™ 

The  Chevrolet  Emblem  and  Geo  are  registered  trademarks  and  Chevy  is  a  trademark  ol  the  CM  Corp.  ©1994  GM  Corp.  All  Rights  Reserved.  Buckle  up,  America 



No 
Hide, 
No 
Seek 
All  bets  are  off  when  the  fox  is 
having  a  bad  hare  day 

by  Tony  Holley 

Half  an  hour  after  sunset  on  a  Septem¬ 
ber  evening  in  1988,  a  brown  hare 

crouches,  grazing  short  grass  some  ten 

yards  from  the  thick  hedgerow  of  a  pas¬ 
ture.  The  field  is  one  of  many  at  Brent 

Knoll  on  the  Somerset  plains,  a  flat  ex¬ 

panse,  crisscrossed  with  drainage  chan¬ 
nels,  that  stretches  inward  from  the  Bristol 
Channel  coast  for  about  fifteen  miles.  The 

failing  light  is  just  at  that  moment  when  all 

countryside  objects  switch  from  full  color 

to  shades  of  gray,  black,  and  white.  Sud¬ 
denly,  the  hare  rises  and  stands  erect  on  its 

long  back  legs,  its  raised  ears  facing  to  the 

right.  Watching  from  my  attic  window, 

350  yards  away,  I  swing  my  20  x  80  binoc¬ 
ular  telescope  to  the  right;  at  the  same  time 

I  place  a  bet  with  myself.  About  thirty 

yards  away  and  casually  making  its  way 

toward  the  hare  is  a  red  fox.  I  win  my  bet. 

As  the  fox  approaches,  the  hare  contin¬ 
ues  to  stand,  facing  the  danger.  As  I  watch 

the  hare,  fanciful  ideas  cross  my  mind.  Is  it 

challenging  the  predator  to  a  bout  of 

fisticuffs  or  perhaps  showing  respect  to  the 

visitor?  When  the  gap  between  them  has 

narrowed  to  no  more  than  ten  yards,  the 

hare  drops  and  squats  on  its  haunches.  The 

fox  stops  and  adopts  the  same  posture.  For 

nearly  two  minutes  the  animals  hug  the 

ground  while  looking  at  each  other.  Fi- 

A  red  fox,  below,  may  wander  within  a  few  yards  of 

adult  brown  hares  about  once  every  four  nights,  even 

when  not  stalking  them.  Experienced  hares  stand  up, 

right,  when  they  spot  a  fox  getting  too  close  for  comfort. 

Both  photographs  by  Manfred  Danegger;  NHPA 

nally,  the  fox  gets  up  and  wanders  past  the 

hare  into  the  hedgerow.  The  hare  remains 

alert  and,  when  the  fox  pops  its  head  out  of 

the  hedge  for  another  peek,  again  briefly 

rises  up  stiffly  on  its  hind  legs. 
In  the  same  field  at  sunset  on  a  June 

evening  in  1990,  there  are  five  hares:  a 

doe,  which  is  resting;  three  bucks,  which 

earlier  had  been  competing  for  the  doe; 

and  a  six-week-old  youngster,  or  leveret. 

The  grass  is  low,  having  been  mowed  for 

silage  only  three  weeks  previously.  Fifteen 
minutes  after  sunset  a  fox  starts  to  cross 

the  field  toward  the  three  bucks.  When  the 

fox  is  about  forty  yards  off,  the  nearest 

buck  stands  up  on  two  legs.  The  next  one 

stands  up  when  the  fox  has  approached  to 

within  twenty-five  yards,  and  the  third  at 
twenty  yards.  The  first  two  hares  remain  in 

position,  but  the  last  buck  moves  about 

thirty  yards  away.  Those  farthest  from  the 

fox  do  not  stand  or  show  any  other  reac¬ 
tion  to  it. 

Between  1980  and  1990  I  spent  more 

than  5,000  hours  observing  and  recording 
the  behavior  of  these  animals  by  day,  at 

twilight,  and  in  the  night  hours.  The  attic 

of  my  house,  which  is  surrounded  by  sev¬ 
enteen  fields,  served  as  a  permanent  blind, 
with  windows  overlooking  every  part  of 

the  area.  I  used  the  binocular  telescope 

and,  when  a  closer  view  was  required,  a 

modified  eleven-inch  astronomical  tele¬ 

scope  lens.  I  could  determine  the  sex  of 

many  of  the  hares,  and  I  could  also  iden¬ 
tify  individuals  by  their  ears,  many  of 
which  bore  nicks  or  tears. 

I  kept  records  of  all  the  interactions  I 
observed  between  hares  and  foxes.  If  the 

fox  was  foraging,  it  might  remain  within 

sight  of  a  hare  for  twenty  minutes  or  more. 

(Such  prolonged  proximity  was  particu¬ 
larly  common  when  the  fox  was  feeding 

on  earthworms — which  in  some  months 

can  provide  over  60  percent  of  its  caloric 

intake.)  Hares  generally  continued  feeding 

until  the  fox  approached  closer  than  about 

fifty  yards,  when  the  hares  stood  up  on 

their  hind  legs,  facing  the  fox.  In  a  few 

cases,  when  the  fox  drew  even  closer,  the 

hare  moved  away  a  short  distance,  some¬ 
times  on  two  legs  but  more  often  on  four. 
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Mark  Hamblin;  Oxford  Scientific  Films 

Able  to  attain  a  maximum  speed  of  about  forty-five  miles  per 
hour,  a  hare,  below,  can  easily  outrun  a  fox.  Right:  Unlike 

rabbits,  brown  hares  have  no  burrows  to  hide  in,  but  depend 

on  their  superb  senses  to  warn  them  of  danger. 
Manfred  Danegger 

Hares  can  form  a  substantial  part  of  a 

fox’s  diet.  In  one  study  of  Hampshire 
foxes,  hares  made  up  30  percent  of  the 

foxes’  fare  in  summer  and  about  16  per¬ 
cent  in  winter.  A  high  proportion  of  the 
total  catch  consisted  of  leverets.  Another 

study,  conducted  in  Poland,  showed  that 

foxes  average  six  adult  hares  and  thirty- 

five  leverets  annually.  On  only  two  occa¬ 
sions  did  I  observe  foxes  chasing  adult 

hares.  These  episodes  did  not  last  long, 
and  the  foxes  were  unsuccessful  both 

times.  To  capture  a  grown  hare,  an  animal 

with  a  maximum  speed  almost  half  again 

as  fast  as  its  own,  the  fox  must  depend  ei¬ 
ther  on  stealth  or  ambush.  Why,  therefore, 

should  a  potential  victim  draw  attention  to 

itself  by  standing  up  when  it  sees  a  preda¬ 
tor,  seemingly  inviting  unnecessary  risk? 

Standing  on  the  back  legs  is  the  stan¬ 

dard  response  of  a  hare  to  a  fox  approach¬ 

ing  it  in  the  open,  but  not  to  a  fox  emerg¬ 
ing  suddenly  from  cover.  Whenever  a  fox 

made  a  sudden  appearance  from  a  nearby 

ditch  or  hedge,  hares  either  moved  away 

or  half-crouched,  primed  for  a  quick  get¬ 

away.  In  an  open  field,  however,  a  fox 

could  not  get  closer  than  thirty  yards  with¬ 
out  the  hares  standing  up  on  their  back 
legs. 

Hares  stood  up  in  all  heights  of  vegeta¬ 

tion,  from  tall,  flowering  grasses  to  low- 
cropped  sward;  in  darkness  as  well  as 

bright  daylight;  when  solitary  as  well  as  in 

groups.  As  the  fox  moved  away  from 

them,  70  percent  of  the  hares  immediately 
resumed  the  crouching  posture. 

When  a  fox  approached  to  within  thirty 

yards,  some  of  the  hares  simply  moved  a 

short  distance  away.  None  of  the  hares 

were  chased  by  foxes,  and  none  left  the 

field.  When  domestic  dogs  approached, 

the  hares  usually  crouched  lower  and  fi¬ 
nally  took  flight.  They  never  stood. 

Do  the  hares  stand  in  order  to  see  the 

foxes  better?  I  think  not.  They  stand  even 

when  a  fox  is  clearly  visible  from  a  low 

angle  across  a  close-cropped  pasture,  and 

they  do  not  stand  up  to  observe  dogs. 

Is  the  standing  hare  giving  an  alarm  sig¬ 
nal  to  other  hares,  as  some  other  animals 

are  known  to  do?  Probably  not,  since  on 

42  percent  of  the  occasions  that  hares 

stood,  they  were  solitary,  with  no  others  in 

sight.  And  the  signal  was  clearly  directed 

to  the  fox  and  never  to  domestic  dogs. 

If  the  standing  hare  is  indeed  signaling 

to  the  fox,  what  is  the  message?  Foxes  do 

not  chase  down  their  prey,  but  are  likely  to 

be  ambushers  and,  possibly,  stalkers. 

Dogs,  on  the  other  hand,  are  runners,  some 

breeds  relying  on  speed  and  others  upon 
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stamina  in  the  hunt.  I  believe  that  when  a 

fox  sees  a  hare  standing  up,  the  predator 

understands  that  it  has  been  spotted  and 

that  a  sneak  attack  will  not  be  successful. 

A  signal  that  the  game  is  already  over  can 

benefit  both  animals,  since  it  saves  the  ex¬ 

ertion  of  a  pointless  chase.  On  the  other 

hand,  dogs  probably  do  not  understand 

this  signal.  A  hare  that  stood  before  them 

would  be  actually  inviting  a  chase. 

Signals  to  predators  that  they  have  been 

observed — zoologists  call  them  pursuit 

deterrence  signals — are  known  from  other 

species.  Klipspringers,  a  kind  of  small 

African  antelope,  give  them  to  black- 
backed  jackals.  Moorhens  and  purple 

gallinules  similarly  signal  the  marsh  harri¬ 

ers  that  prey  on  them,  and  Thomson’s 

gazelles  signal  to  cheetahs  (see  “Why  Do 
Tommies  Stott?”  Natural  History,  Sep¬ 

tember  1988).  Of  related  species,  only  the 

arctic  hare  is  known  to  stand  in  the  pres¬ 

ence  of  its  predators,  such  as  the  arctic  fox, 

gyrfalcon,  snowy  owl,  raven,  and  also,  at 

times,  humans.  The  function  of  this  be¬ 
havior  in  the  arctic  hare  has  not  been  in¬ 

vestigated;  but  when  brown  hares  stand  up 
on  their  back  legs,  they  are  giving  the  fox 

a  clear  signal  that  cannot  be  mistaken  for 

anything  else.  □ 45 





Its  nest  a  simple  cup  in  the  sand,  an  adult  least  tern 

incubates  its  two  eggs  on  Mississippi’s  gulf  coast. Dan  Guravich 

Terns  on  Tar  Beach 
As  the  shore  becomes  a  dangerous  place  to  nest, 
some  least  terns  have  quit  the  sand  for  another  precarious  site 

by  Jerome  A.  Jackson 

Ooo-eee!  Every  time  I  stopped,  I  stuck 
for  a  second  and  then  took  a  bit  of  bub¬ 

bling  black  tar  with  me  as  I  moved  on.  The 

glare  from  the  noonday  sun  made  me 

squint.  The  heat  was  unbearable — and  the 
cause  of  the  sticky  tar  and  thick  tar  fumes. 

A  little  glimpse  of  hell?  No,  it  was  simply 

the  roof  of  the  Singing  River  Mall  in  Gau¬ 

tier  (pronounced  “Go-shay”),  Mississippi, 
on  a  July  day  in  1981. 1  had  stopped  at  the 

mall  for  lunch  and  noticed  least  terns  fly¬ 
ing  to  and  from  the  roof.  Could  they  be 

nesting  there?  The  mall  manager  assured 

me  they  were  and  invited  me  to  take  a 

look,  but  admonished  me  not  to  stay  too 

long  or  disturb  the  birds.  I  knew  better 

than  to  do  that,  and  I  couldn’t  have  with¬ 

stood  the  heat  if  I’d  wanted  to  stay.  Yet 
about  200  pairs  of  least  terns  were  nesting 

on  the  roof,  their  simple  nest  scrapes  scat¬ 

tered  across  the  veneer  of  pea-sized  gravel 

atop  the  hot,  viscous  tar.  Dozens  of  chicks 

crowded  together  in  the  shade  along  the 

walls  at  the  roof’s  edge.  Why  were  they 
here?  Could  they  possibly  survive? 

Least  terns,  which  winter  in  the  West 
Indies  and  nest  on  coastal  beaches  and 

river  sandbars  in  North  America,  have  had 

troubled  times  since  the  late  1800s,  when 

they  were  considered  just  the  right  size  to 

adorn  ladies’  hats.  The  birds  were  taken  by 

the  thousands,  particularly  from  the  At¬ 
lantic  and  Florida  coasts.  Throughout 

most  of  the  twentieth  century,  California 

and  Atlantic  coast  populations  also  de¬ 

clined  as  prime  beach  property  was  in¬ 
vaded  by  growing  human  populations.  In 
the  interior,  least  terns  that  nest  along 

major  rivers  also  suffered  losses  as  their 

sandbar  nesting  areas  were  eliminated  by 

channel  dredging,  damming  and  flooding, 

and  runoff  of  pollutants. 

On  the  northern  gulf  coast,  however,  the 

lot  of  least  terns  improved  when  plume 

hunting  ended.  Because  the  mainland 
coast  lacked  extensive  beaches,  these 

birds  nested  primarily  on  barrier  islands, 
which  had  the  advantage  of  being  too  far 

offshore  to  attract  many  beachgoers  and 

too  vulnerable  to  tropical  storms  to  allow 
human  settlement. 

When  mainland  colonies  of  least  terns 

were  discovered  in  coastal  Mississippi  in 

1936,  they  were  invariably  in  habitats  cre¬ 
ated  by  humans:  bare  areas  next  to  bridges 
and  construction  sites,  dredge  spoil 

dumped  in  marshes,  and  man-made 
beaches.  The  longest  such  beach  in  the 

world  is  a  twenty-six-mile-long,  hundred- 

yard- wide  strip  created  in  1952  along  the 
Mississippi  Sound  in  Harrison  County, 

Mississippi.  The  sound’s  sheltered  waters 
provide  good  fishing,  and  busy  U.  S.  90, 
which  mns  along  the  entire  length  of  the 

beach,  selects  heavily  against  dogs  and 

cats  that  might  otherwise  find  an  easy 

lunch.  This  would  have  been  a  paradise  for 

nesting  terns  were  it  not  for  the  throngs  of 

beachgoers  and  the  regular  beach  mainte¬ 
nance  by  tractors  that  raked  the  sand  at 

about  two-week  intervals. 
Least  terns  tried  nesting  on  the  new 

beach  anyway.  Time  after  time,  eggs 

would  be  laid,  only  to  be  raked  away  be¬ 

fore  they  could  hatch.  The  beach  had  be¬ 
come  what  is  known  today  as  an  ecologi¬ 

cal  sink — a  place  attractive  to  wildlife,  but 

one  in  which  little,  if  any,  successful  re¬ 

production  can  occur. 
In  1974,  concerned  citizens  began 

marking  least  tern  nests  and  urging  their 

protection,  and  their  efforts  paid  off.  In 

1975,  more  than  1,000  pairs  nested  on  the 
The  roof  of  the  Singing  River  Mall  in  Gautier,  Mississippi,  nearly  three  miles  from 

the  coast,  was  first  adopted  as  a  nesting  site  by  least  terns  in  1981. 
Stephen  Kirkpatrick 
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Speckled  tern  eggs  (foreground)  are 

camouflaged  against  the  superficially 

beachlike  suiface  of  a  mail  roof  below. 

Shade  and  water  condensation  afforded 

by  air-conditioning  units  substitute  for 
the  readily  available  water  and  ocean 

breezes  of  the  birds’  natural  nest  sites. Dan  Guravich 
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mainland  (non-barrier-island)  beaches;  in 
1983,  more  than  6,000  pairs.  Since  then, 

the  main  nesting  colony  in  Gulfport  has 

annually  supported  from  2,000  to  more 

than  3,000  pairs,  making  it  the  largest  least 

tem  colony  in  the  world. 

As  tem  populations  have  grown,  so 

have  the  sheer  numbers  of  beachgoers  and 

consequent  disturbance  of  mainland 

colonies.  Despite  efforts  to  protect  nesting 

areas,  the  Fourth  of  July  has  always  meant 
trouble  for  the  terns.  Fireworks  turn  beach 

colonies  into  war  zones  with  casualties  all 

too  obvious  on  the  morning  of  the  fifth. 

Notwithstanding  the  setbacks,  however, 

the  terns  have  adapted  and  resisted.  Terns 

nesting  on  the  mainland  beaches,  for  in¬ 

stance,  are  much  more  aggressive  in  de¬ 

fending  their  colonies  than  are  barrier  is¬ 
land  nesters.  A  human  straying  into  a 

mainland  colony  can  expect  to  be  defe¬ 
cated  on  or  even  hit  by  the  bill  of  a  diving 

kamikaze  tem.  Small  groups  of  least  terns 
have  nested  with  some  success  on  areas  of 

the  mainland  beach  outside  of  the  main 

protected  sites,  but  numbers  of  these  splin¬ 
ter  colonies  have  steadily  declined.  Not 

one  was  found  in  1992,  when  human  use 

of  the  beaches  seemed  at  an  all-time  high. 

Newly  established  jet  ski  rental  businesses 

now  attract  more  people  to  the  beach.  Jet 

skis  also  create  constant  ripples  and  waves 

on  the  usually  placid  waters  near  the 

colony  that  the  terns  use  for  feeding.  This 

means  that  the  tiny  fishes  the  terns  feed  on 
are  harder  for  them  to  see,  and  the  birds 

must  go  farther  to  find  food  for  their 

young. 
Least  terns  are  relatively  long-lived 

birds;  some  survive  twenty  years  or  more. 

After  the  tem  population  explosion  of  the 
1970s,  the  numbers  of  Gulf  Coast  terns 

may  have  reached  a  plateau,  once  again 

limited  by  availability  of  nesting  habitat. 

With  their  numbers  all  built  up  and  no 

place  to  nest,  breeding  terns  have  pio¬ 
neered  some  nontraditional  nesting  sites, 

including  the  graveled  rooftop  of  the 

Singing  River  Mall. 
Rooftop-nesting  least  terns  were  first 

discovered  in  Mississippi  at  the  Navy 
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Least  tern  chicks,  hatched  on  a  rooftop, 

huddle  in  a  shaded  corner  for  relief  from 

unrelenting  heat,  left.  Such  chicks  often 

suffer  burned  feet  from  sticky  tar.  When 
gathered  in  such  congregations,  they  are 

easy  pickings  for  predatory  crows.  Young 
siblings,  above,  reveal  the  color  variation 

in  the  down  of  tern  chicks:  one  is  the 

color  of  dry  sand;  the  other,  of  wet  sand. 
Jerome  Jackson 

49 



*1/  Ucj 

*x  ,w?*  * 

^  f  ■ 

It  *  .4®*  a 

gr10SJ 

Seabee  base  in  Gulfport  in  1977.  They 

have  also  nested  on  rooftops  in  Florida  and 
other  coastal  states.  Are  these  terns  on  the 

leading  edge  of  adaptation  to  the  modem 

world?  Perhaps.  They  certainly  illustrate 

an  important  level  of  flexibility  in  their 

choice  of  nest  sites.  Graveled  rooftops  do 
have  some  characteristics  in  common  with 

the  bare  beaches  the  terns  have  always 

used:  they  are  large,  flat,  open  areas  with 

no  vegetation.  Natural  colony  sites  often 
have  bits  of  shell  and  other  materials  that 

give  a  varied  color  and  texture  to  the  nest¬ 
ing  area,  helping  the  mottled  eggs  to  blend 

in,  and  the  multicolored  pea-sized  gravel 

atop  the  Singing  River  Mall  might  serve  a 
similar  function.  But  a  roof  is  not  a  beach, 

the  most  obvious  differences  being  that 

roofs  are  not  next  to  bodies  of  water,  are 

well  above  ground  level,  are  devoid  of 

sand,  and  are  often  sites  of  air-condition¬ 

ing  units,  vents,  and  other  unnatural  struc¬ 
tures.  Twentieth-century  terns  have 
learned  to  accept  the  accouterments  of  the 

human  world  as  part  of  their  own.  The  ad¬ 

vantages  are  freedom  from  human  disturb¬ 
ance  and  protection  from  dogs  and  cats. 

Roofs  are  unaffected  by  storm  tides  and 

not  subject  to  the  natural  succession  of 

plant  growth  that  limits  the  years  of  use¬ 

fulness  of  natural  sites.  But  other  problems 

can  be  so  severe  that  rooftops  may  be  an¬ 
other  example  of  an  ecological  sink. 

When  I  first  began  studying  the  least 

terns  at  the  Singing  River  Mall,  I  was 
amazed  at  the  difficulties  the  birds  faced. 

The  pea-sized  gravel  was  so  sparse  that 
most  pebbles  were  stuck  in  the  asphalt 

base,  leaving  the  birds  little  loose  gravel 

into  which  they  could  hollow  their  cuplike 
nests.  Much  more  than  on  a  beach,  tem 

eggs  were  simply  laid  on  the  bare  surface. 
One  section  of  the  mall  roof  had  a  slight 

slope  to  it,  and  terns  nesting  there  lost  their 

eggs  if  they  left  them  unattended  for  mere 
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seconds  during  high  wind  or  rain — the 

eggs  simply  rolled  downhill.  Another  ob¬ 
stacle  to  success  was  the  distance  the  terns 

had  to  travel  for  food.  Mississippi  Sound 

is  nearly  three  miles  to  the  south  and,  to 

the  north,  the  Intra-coastal  Waterway  is 
not  much  closer.  Birds  went  in  both  direc¬ 

tions  for  food,  mostly  to  and  from  the 

south,  in  a  steady  flow  over  mall  parking 

lots,  a  K-Mart,  two  highways,  a  pine  for¬ 
est,  and  an  urban  residential  area. 

Another  hazard  the  terns  faced  was  the 

fish  crows  that  found  eggs  and  chicks  were 

easy  meals.  Eggs  were  conspicuous 

against  the  fine  gravel,  and  chicks  had  no 

A  discarded  paper  cup,  left,  evidence 

of  burgeoning  numbers  of 

beachgoers,  below,  offers  a  week-old 
chick  temporary  protection  from  the 
sun  and  from  predators. 
Dan  Guravich 

clumps  of  vegetation  in  which  to  hide.  In¬ 
stead,  they  congregated  in  the  shadow  of 

the  three-foot-high  wall  surrounding  the 

roof’s  edge.  Marauding  crows  could  herd 
them  into  corners,  where  there  was  no  es¬ 

cape.  The  only  defense  was  the  continual 

mobbing  of  crows  by  adult  terns,  but  often 

while  one  crow  was  being  mobbed,  an¬ 
other  would  slip  through  tern  defenses  to 
snatch  a  chick. 

By  far  the  greatest  threat  to  the  terns, 
however,  was  heat.  Black  asphalt  showing 

through  the  veil  of  pebbles  heated  quickly, 

becoming  so  soft  at  midday  that  unat¬ 
tended  eggs  would  sometimes  stick  to  the 

roof  like  Br’er  Rabbit  to  the  fabled  tar 

baby.  My  students  and  I  monitor  the 

colony  each  year,  but  we  work  at  nests  and 
band  chicks  only  in  early  morning  and  late 
afternoon  to  minimize  stress  to  the  birds. 

What  we  found  when  we  started  banding 

chicks  was  appalling.  Nearly  every  chick 
had  burned  and  blistered  feet.  Often  the 

webbing  between  chick  toes  was  missing 

or  perforated  as  a  result  of  the  sores. 
Least  terns  are  birds  of  the  open  beach 

and  hot  environments,  but  in  a  natural  set¬ 

ting,  sea  breezes  provide  some  relief.  On 

the  Singing  River  Mall  roof,  the  three- 

foot-high  parapet  may  keep  the  chicks 

from  plunging  to  the  parking  lot  below,  but 
on  most  days  it  also  blocks  even  a  whisper 

of  wind  from  cooling  the  roof  surface, 

which  at  times  exceeds  1 14°  F. 
Each  year  I  have  studied  them,  some 

chicks  have  fledged,  and  the  next  year  the 
birds  have  returned  to  nest.  Salvation  from 

the  heat  came  from  several  quarters.  The 

parapet  surrounding  the  mall  roof,  though 

blocking  air  flow,  cast  a  shadow  on  one 
side  or  another  at  most  times  of  the  day, 
and  chicks  followed  the  shadow  as  it 

moved.  In  good  years,  a  shaded  comer 
might  host  a  creche  of  thirty  downy 

chicks.  A  second  fortuitous  feature  of  the 

rooftop  is  the  set  of  widely  dispersed  air- 
conditioning  units.  On  the  hottest  days 

these  run  constantly,  wringing  moisture 

from  the  mall  air  and  depositing  the  con¬ 
densation  in  shallow  puddles  adjacent  to 
the  units.  Both  chicks  and  adults  use  this 

water  for  bathing  and  drinking. 

The  third  defense  against  the  heat  is 

something  that  was  first  described  along 

the  Mississippi  River  in  1896  by  one 

Guideon  Mabbett,  who  noticed  that  eggs 

often  had  tiny,  mysterious  droplets  of 

water  left  on  them.  The  purpose  of  the 

droplets  is  now  known.  In  a  behavior 

known  today  as  “belly-soaking,”  an  adult 
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Chicks  that  stray  from  patrolled  and 

protected  nesting  areas  often  die 
beneath  the  wheels  of  beach 

maintenance  vehicles,  below,  or  the  feet 

of  beachgoing  humans.  To  feed  itself 

and  its  young,  an  adult  least  tern,  right, 

must  find  calm,  unrippled  waters  in 

which  it  can  spot  tiny  fish. 
Jerome  Jackson 

bird  wets  its  belly  feathers  and  then  drips 

water  from  its  breast  onto  eggs  or  chicks  to 

keep  them  cool  in  unusually  hot  environ¬ 

ments.  On  the  Singing  River  Mall,  belly- 
soaking  is  often  an  everyday  necessity.  By 

midmoming,  the  terns  no  longer  need  to 

sit  on  eggs  to  keep  them  at  a  warm  enough 

temperature  for  the  embryos  to  develop. 

Instead,  they  have  to  stand  over  the  eggs  to 

shade  them.  As  temperatures  continue  to 

rise,  each  adult  dips  into  nearby  water— 

often  the  air-conditioning  condensate- 
returns  to  the  nest,  and  drips  water  onto  the 

eggs  or  chicks.  A  chick  may  even  reach  up 

and  swallow  droplets,  looking  like  a  suck¬ 
ling  mammal.  As  belly  feathers  dry  out, 

the  attendant  parent  becomes  fidgety  as  it 

waits  for  its  returning  mate  and  may  risk 

leaving  its  nest  in  the  open  sun  for  a  few 

seconds  to  quickly  dip  in  nearby  water,  for 

only  that  can  cool  its  eggs  or  chicks.  On 

the  hottest  afternoons,  exchanges  at  the 

nest  become  increasingly  frequent  as 

adults  are  stressed  by  the  heat  and  belly 

feathers  dry  out  more  rapidly. 

By  the  mid-1980s,  the  Singing  River 
Mall  colony  was  dwindling.  Fewer  chicks 

fledged.  Fish  crows  had  honed  their  chick- 

capture  strategies  and  were  eating  them¬ 
selves  out  of  a  food  supply.  The  chicks  and 

eggs  were  too  conspicuous  against  the  pea 

gravel.  But  then  along  came  Sears. 
When  a  Sears  Roebuck  store  was  added 

to  the  mall,  a  different  type  of  gravel  roof 

was  used.  Instead  of  small  pebbles  on  tar, 

one-  to  two-inch  white  and  tan  rocks  cov¬ 

ered  a  plastic  mat.  Although  the  rocks 
were  not  embedded  in  the  mat,  they  were 

simply  too  large  for  the  terns  to  move. 
Nonetheless,  the  Sears  roof  was  adopted 

immediately.  The  light-colored  rocks  re¬ 
flected  more  of  the  heat.  They  were  also 

mottled  in  much  the  same  manner  as  eggs 

and  chicks,  allowing  them  to  blend  in  ex¬ 

tremely  well.  In  1992,  a  few  terns  at¬ 
tempted  to  nest  on  the  old  roof,  but  all 

nests  were  lost.  The  main  colony  was  on 

the  Sears  roof  and,  although  fish  crows 

still  took  a  toll  as  chicks  congregated  in  the 

shade  of  the  parapets,  many  young 

fledged.  This  summer,  we  plan  to  scatter 

small,  wooden-slatted  teepees  about  the 

roof  as  chick  shelters,  We  hope  their  de¬ 
sign,  which  provides  room  for  chicks  to 
hide  out  of  reach  of  crows,  will  lessen 

losses  to  these  predators.  With  their  deter¬ 
mination  and  adaptability  and  a  bit  of  help 

from  us,  least  terns  are  hanging  on — some 

say  thriving — in  this  bit  of  the  human 
world.  □ 

52  Natural  History  7/94 





At  the  end  of  a  summer  New  Year  festival  in  the  Yunnan 

village  ofPuge,  celebrants  troop  away  from  the  festival 

grounds  and  return  to  their  fields. 
Nevada  Wier 



When  the  New  Year  Comes  Twice 
In  southwest  China,  the  Yi  people  greet  the  New  Year  in  winter — and  again  in  summer 

by  Li  Weibao 

In  the  provinces  of  the  Chinese  south¬ 
west — Yunnan,  Guizhou,  and  Sichuan — 
live  some  six  million  Yi  people,  one  of 

China’s  fifty-five  minority  groups.  Al¬ 
though  the  Han  people  make  up  the  vast 

bulk  (92  percent)  of  China’s  population, 
the  Yi  have  maintained  their  distinct  tradi¬ 

tions,  language,  and  culture,  mainly  be¬ 

cause  of  their  relative  geographical  isola¬ 
tion.  One  of  the  most  interesting  survivals 

is  the  Yi  custom  of  two  separate  New  Year 

celebrations,  -one  in  winter  and  one  in 
summer.  These  festivals  are  perhaps  the 

last  vestiges  of  a  ten-month  calendar  that 
was  once  widespread  in  southern  China 

and  that  had  been  in  operation  for  several 

thousand  years — possibly  longer  than  any 

other  in  world  history — and  was  still  used 
in  some  remote  Yi  villages  as  recently  as 

forty  years  ago. 
Until  early  in  the  present  century,  the 

standard  Chinese  calendar  was  luni-solar. 

The  year  consisted  of  twelve  lunar  months 
of  29  or  30  days  (between  new  moons), 

making  some  354  days  in  all.  To  keep  the 

year  in  step  with  the  solar  year  (365% 

days)  and  the  seasons,  a  thirteenth  month 

was  inserted  every  three  years  or  so,  ac¬ 

cording  to  carefully  prescribed  rules.  Al¬ 

though  this  calendar  was  replaced  for  offi¬ 

cial  purposes  by  the  Gregorian  calendar  in 
1912,  it  is  still  used  in  the  countryside,  as 

well  as  in  Hong  Kong  and  Taiwan.  Chi¬ 
nese  communities  throughout  the  world 
continue  to  celebrate  the  lunar  New  Year 

at  the  second  new  moon  after  the  begin¬ 
ning  of  winter,  no  earlier  than  January  20 
or  later  than  February  20. 

The  ten-month  calendar  of  the  Yi 

people  was  devised  in  ancient  times  by  an 
astronomer  named  Shidi  Tianzi,  whose 

calculations  accorded  with  solar  observa¬ 

tions.  With  the  help  of  four  assistants, 
Shidi  used  a  vertical  pole  as  a  gnomon,  or 

sundial,  to  mark  the  positions  of  sunrise 

and  sunset  during  the  year.  He  also  noted 

the  seasonal  changes  in  the  length  of  the 

noon  shadow  of  the  gnomon.  After  pro¬ 

tracted  observations,  he  was  able  to  accu¬ 

rately  fix  the  dates  of  the  winter  and  sum¬ 
mer  solstices  and  to  make  a  precise 

determination  of  a  year’s  length. 
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In  some  Yi  villages,  New  Year  festivals 

open  with  a  parade  of  coloiful  flags, 

right.  Far  right:  Women  perform  a  circle 

dance  under  yellow  parasols.  Below: 

Musicians  play  stringed  instruments 

while  dancers  keep  step  with  the  melody; 

below  right,  they  promenade  onto  the 

ceremonial  grounds. 
Lois  Riley  Wheeler 

Just  when  Shidi  lived  is  not  known  with 

any  certainty;  however,  legend  has  it  that 

his  descendants  are  in  the  248th  genera¬ 

tion.  Allowing  an  average  of  twenty-five 
years  from  one  generation  to  the  next 

would  mean  that  the  ten-month  calendar 

could  have  originated  as  long  ago  as  4000 

b.c.  According  to  astronomical  records, 

however,  it  probably  developed  about 

1500  b.c.  during  the  Xia  dynasty.  By  the 

first  century  a.d.,  the  calendar  was  used 

throughout  southern  China  and  as  far 

north  as  the  central  plains. 

Shidi’s  ten  months  were  simply  artificial 
divisions  of  the  solar  year,  not  unlike  the 

twelve  months  of  the  Gregorian  calendar 

worked  out  in  1582  by  Pope  Gregory  XIII. 

The  year  began  about  the  time  of  the  win¬ 
ter  solstice,  and  each  of  the  ten  months 

contained  thirty-six  days;  the  remaining 
Lois  Riley  Wheeler 
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five  or  six  days  were  set  aside  for  festivi¬ 
ties.  Here  we  have  an  interesting  parallel 

with  the  predominantly  solar  calendars  of 

ancient  Egypt  and  pre-Columbian  Amer¬ 
ica,  in  which  a  year  consisted  of  twelve 

months  of  thirty  days,  followed  by  five  or 

six  additional  days. 

The  New  Year  in  the  ten-month  calen¬ 

dar  was  called  by  a  variety  of  names 

meaning  “the  days  when  a  new  year  re¬ 
places  the  old  one  and  sacrifices  should  be 

offered  to  the  deities  of  ancestors.”  Origi¬ 
nally,  individual  months  were  named  after 

wild  animals:  the  tiger,  otter,  crocodile, 

boa,  pangolin  (scaly  anteater),  muntjac 

(barking  deer),  blue  sheep,  ape,  leopard, 

and  lizard.  Days  were  also  named  after 

these  same  animals,  and  during  the  course 

of  a  year,  each  was  used  in  rotation  thirty- 
six  times. 

The  five  or  six  extra  days  at  the  begin¬ 

ning  of  a  year  were  numbered  rather  than 

named,  a  practice  dating  from  about  1000 
b.c.  that  became  so  widespread  for  a  time 

that  it  left  its  mark  on  ancient  Chinese 

folksongs  of  the  Shijing  ( Book  of  Songs). 

The  ten  mystical  numbers  of  Heaven 

found  in  the  Chinese  Book  of  Changes — 

known  to  us  as  the  I  Ching — are  also 
thought  to  be  derived  from  the  ten  months 

of  the  Yi  year. 

With  the  Tang  dynasty  and  the  influ¬ 
ence  of  Han  culture,  animal  names  for  the 

months  were  replaced  by  the  five  elements 

of  Chinese  philosophy:  tu  (earth),  jin 

(metal),  shui  (water),  mu  (wood),  and  huo 

(fire).  The  first  five  months  formed  the 

yang  year,  and  the  next  five  months  made 

up  the  yin  year.  Each  season  consisted  of 

two  months  (or  seventy-two  days),  con¬ 

taining  a  yang  and  a  yin  month  for  the 
same  element.  These  archaic  month 

names  still  remain  fresh  in  the  memory  of 

some  elderly  Yi  people  who  live  in  the  vil¬ 
lages  of  northwest  Yunnan. 

The  ten-month  year  was  divided  into 

two  halves,  each  ending  at  one  of  the  sol¬ 
stices.  The  yang  year  was  the  period  of 

plant  growth,  while  the  yin  year  was  the 

period  of  plant  maturation.  Festivities 

marked  the  end  of  each  short  year.  Al¬ 

though  the  ten-month  calendar  now  be¬ 

longs  to  history,  these  two  New  Year  cele¬ 
brations  are  still  an  important  part  of  Yi 

life  in  parts  of  Yunnan. 

Traditionally,  the  Kushi  festival  was 
celebrated  at  the  winter  solstice  and  the 

Zhai  festival  180  days  later  at  the  summer 

solstice;  today,  however,  there  are  marked 
local  variations  in  the  dates  of  these  events 
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because  of  the  development  of  divergent 

customs  in  the  various  provinces  where 

the  Yi  live.  By  1800  B.c.  in  certain  regions, 

observations  of  the  Big  Dipper  determined 

when  the  year  began.  Since  the  length  of  a 

sidereal  year  is  slightly  longer  than  that  of 

a  solar  year,  the  people  who  followed  this 

practice  gradually  celebrated  the  two  New 

Year’s  days  later  and  later  in  the  year.  The 
difference  amounted  to  nearly  one  and  a 

half  days  per  century.  Also,  after  about 

a.d.700,  the  lunar  calendar,  which  had  al¬ 

ready  been  adopted  throughout  much  of 

northern  China,  became  even  more  wide¬ 

spread.  Gradually,  the  two  New  Year  festi¬ 
vals  became  linked  to  the  lunar  calendar 

and  thus  not  closely  tied  to  the  seasons. 

Nowadays,  the  Zhai  festival  in  Yunnan 

is  celebrated  on  the  twenty-fourth  day  of 
the  sixth  lunar  month,  which  usually  falls 

any  time  from  mid-July  to  late  August  in 
the  Gregorian  calendar.  In  some  villages, 

the  festival  lasts  for  three  days  and  is 

called  the  Great  New  Year.  The  Kushi  fes¬ 

tival,  on  the  other  hand,  is  celebrated  in 
eastern  Yunnan  from  December  25  to  29 

(or  30)  and  in  western  Yunnan  a  month 

earlier.  Certain  villages  even  hold  the 

event  for  five  days  in  mid-October.  In 
parts  of  Sichuan  Province,  the  festival  has 

no  fixed  dates  but  is  held  some  time  in  No¬ 

vember  or  December  on  auspicious  dates 

selected  by  a  shaman. 

Regardless  of  when  they  fall  in  the  year, 

the  festivals  are  enthusiastically  cele¬ 

brated  by  the  Yi.  Originally  the  Zhai  festi¬ 
val  was  a  time  when  sacrifices  were  of¬ 

fered  to  the  ancestors.  This  gradually 

evolved  into  a  lively  ceremony  in  which 

prayers,  songs,  dances,  and  torch  displays 
Lois  Riley  Wheeler 
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Horse  racing,  left,  has  become  an  important  event  in  recent  New 
Year  celebrations.  Bottom  left:  In  another  type  of  competition, 
bulls  meet  head  on  in  the  arena  as  their  handlers  look  on.  Below: 
Long  ago,  the  summer  New  Year  celebration  culminated  in  a 

parade  of  men  carrying  burning  tree  trunks,  but  because  timber 
is  scarce  today,  branches  and  grasses  are  used  for  torches. Nevada  Wier 

were  offered  to  the  deities  and  ancestors  to 

ask  for  a  bumper  harvest  of  cereal  crops. 

In  Mile  County,  in  the  central  part  of 

Yunnan  Province,  the  summer  Zhai  festi¬ 

val  is  fairly  typical  in  that  on  the  morning 

of  the  first  day,  the  farmers  of  one  or  more 

villages  assemble  on  a  fixed  open  ground 

(in  large  villages,  a  center  marker  is 

erected).  People  who  are  talented  in 

singing,  dancing,  and  playing  of  musical 
instruments  take  the  lead  in  going  to  the 

center  ground  to  perform  the  traditional 

rites  for  a  good  harvest.  As  the  gaiety  in¬ 

creases,  the  festival  loses  some  of  its  for¬ 
mality.  Spectators  often  give  impromptu 

performances,  and  children  form  their 
own  recreational  circle.  Festivities  do  not 

end  until  sunset. 

On  the  second  day,  those  elderly  people 

who  are  held  in  high  esteem  take  charge  of 

sporting  activities.  Archery  contests  have 

been  replaced  by  wrestling  contests,  prob¬ 
ably  because  of  the  limited  space  of  the 

competition  area,  which  is  located  inside 

the  village  or  on  open  ground  nearby.  In 

bygone  days,  wrestlers  could  take  up  a 
challenge  on  the  spot,  but  today,  rules  are 

more  formalized,  and  competitors  are  or¬ 
ganized  into  groups  and  must  enter  their 

names  in  advance.  The  contest  opens  with 

an  entrance  ceremony,  after  which  the  in¬ 

dividual  bouts  commence.  Women’s  wres¬ 
tling  has  gained  in  popularity  in  recent 

years,  and  in  some  villages  ox-fighting  is 

also  practiced.  Winners  of  the  various 

events  may  be  given  prizes  or  cash 

awards;  however,  this  is  by  no  means  the 

rule,  as  the  main  purpose  of  the  sports  is 
entertainment. 

After  dark  on  the  evening  of  the  third 

day  of  celebrations,  torches  are  lit.  In  the 

past,  every  family  prepared  a  pine  trunk  at 
least  six  and  a  half  feet  in  length,  which 

was  processed  in  advance  so  it  would  bum 

more  easily.  The  entire  village  was  in¬ 
volved  in  making  a  huge  torch  and  placing 

it  in  the  village  center.  With  nightfall,  the 

torches  were  lit  simultaneously  and  car¬ 
ried  through  the  village  and  out  into  the 

fields.  The  procession  of  torchbearers  re¬ 
sembled  a  long  snake  glittering  under  the 

night  sky  and  was  accompanied  by  a  dis¬ 

play  of  fireworks  that,  according  to  the  el¬ 
ders,  drove  away  insect  pests.  Today, 

owing  to  the  shortage  of  trees — and  the 
need  to  conserve  those  that  remain — this 

magnificent  spectacle  is  seldom  wit¬ 
nessed. 

The  winter’s  Kushi  festival  is  highly 
colorful  because  the  women  make  new 

clothes  to  be  worn  for  the  event,  and  all  the 

villagers,  especially  the  children,  dress  up. 59 



All  Yi  women  dress-up  elaborately  for 
both  winter  and  summer  New  Year 

festivals,  but  these  embroidered  jackets 

are  traditionally  worn  by  women  of  a 

particular  group,  the  Nisu. 
Nevada  Wier 

Pork,  vegetables,  and  wine— purchased 
by  the  men,  often  from  faraway  markets, 

and  prepared  by  the  women — are  served. 
The  ceremonies  in  Honghe  and  Shiping 

counties  are  typical  of  Kushi  festivals 

throughout  Yunnan. 

What  started  as  a  sacrificial  rite  has  be¬ 

come  a  great  thanksgiving  to  the  deities 

and  ancestors  for  the  crops  that  have  been 

harvested.  Today  much  of  the  religious 

significance  of  the  festival  has  been  lost, 

although  sacrifices  are  offered  twice  daily 

while  the  event  continues.  Every  day  be¬ 
fore  breakfast  and  again  before  supper,  an 

elderly  man  from  each  family  takes  a  serv¬ 
ing  tray  bearing  four  bowls  of  rice  (each 

containing  some  pork),  four  pairs  of  chop¬ 
sticks,  and  four  cups  of  wine  to  the  family 

altar.  Bending  down  before  the  altar,  he 

raises  the  tray  above  his  head  for  a  mo¬ 
ment;  then  piously  invites  the  ancestors 

and  the  various  deities  to  enjoy  their  meal. 

Before  the  whole  family  sits  down  to 

enjoy  the  sumptuous  feast,  the  children 

also  pay  homage  to  the  deities  and  ances¬ 
tors  (although  this  has  become  little  more 

than  a  perfunctory  gesture). 

In  ancient  times,  hunting  of  wild  ani¬ 
mals  was  a  feature  of  the  first  day  of  the 

Kushi  festival,  and  those  who  caught  fero¬ 
cious  animals  were  feted  as  heroes,  and 
the  animal  skins  were  used  to  make 

clothes  for  them.  In  more  recent  days, 

however,  as  wild  animals  have  become 

more  and  more  scarce,  this  aspect  of  the 

festival  has  gradually  died  out. 

Before  48 1  b.c.,  the  Kushi  festival  was  a 

time  of  great  revelry,  when  people  dis¬ 
guised  themselves  with  masks.  Today, 

young  men  and  women  still  meet  and 

court  on  the  outskirts  of  the  village,  where 

they  entertain  one  another  with  specially 

composed  songs  and  dances.  Often  this 

occasion  is  where  future  marriages  are  ar¬ 
ranged,  and  the  ceremonies  take  place  the 

following  autumn  before  the  next  Kushi 

festival.  After  dark,  the  young  men  and 

women  sing  and  dance  both  indoors  and 

outdoors  to  the  delight  of  the  elderly  on¬ 

lookers.  In  Yunnan  Province,  the  boister¬ 

ous  revelry  of  ancient  times  persists  today 
in  the  bold  and  unrestrained  ceremonies  of 

a  bygone  age.  □ 
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The  Living  Museum 

The  American  Museum  of  Natural  History  celebrates  its  125th 

anniversary  this  year.  If  New  York  City  politics  had  gone 

differently  in  the  1860s,  another  kind  of  institution  might  now 

be  standing  on  the  Museum’s  present  site  next  to  Central  Park. 
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The  Museum  That 
Never  Was 
by  Robert  McCracken  Peck 

When  President  Ulysses  S.  Grant  laid 
the  cornerstone  of  the  American  Museum 

of  Natural  History  on  June  2,  1874,  he 
ended  the  debate  about  how  to  utilize  a 

nineteen-acre  site  administered  since  1864 

as  part  of  New  York’s  Central  Park.  This 

“rugged  and  unimproved  ground,”  known 
as  Manhattan  Square,  extended  from 

Eighth  Avenue  (Central  Park  West)  to 

Ninth  Avenue  (Columbus  Avenue)  and 

from  Eight-first  to  Seventy-seventh 
Streets. 

After  the  speechmaking,  the  Museum’s 
first  superintendent,  Albert  S.  Bickmore, 

placed  a  collection  of  souvenirs — a  dozen 
daily  newspapers,  a  dollar  bill,  some 

coins,  and  some  official  documents — into 
a  small  copper  box  in  the  cornerstone,  and 

the  ceremony  drew  to  a  close.  For  Bick¬ 

more,  the  occasion  was  a  particularly  ex¬ 

citing  one,  for  he  had  been  planning  a  nat¬ 
ural  history  museum  for  New  York  City 

ever  since  his  graduate  studies  with  the 

Swiss-born  naturalist  Louis  Agassiz, 

founder  of  Harvard  University’s  Museum 
of  Comparative  Zoology.  So  intent  was  he 
on  the  idea  that  before  embarking  on  an 

overseas  research  expedition  in  1865,  he 

had  gone  so  far  as  to  commission  plans  for 
the  museum  he  hoped  one  day  to  build. 

When  Bickmore  settled  permanently  in 

New  York  in  1867,  the  city  had  a  popula- 

Grotesque  figures  would  have  lined 

William  Holbrook  Beard’s 
proposed  subterranean  entrance 

from  Central  Park  to  a  museum  in 

Manhattan  Square. 
Private  collection 

tion  of  almost  a  million.  It  surpassed 

Boston,  Philadelphia,  and  Baltimore  in 

size  and  wealth,  yet  could  boast  no  mu¬ 
seums  of  distinction.  Among  New  Yorkers 

eager  to  prove  themselves  cultured  citi¬ 
zens,  Bickmore  found  backers  for  his 
scheme.  He  also  discovered  that  his  was 

not  the  only  museum  plan  afoot.  Of  the 

various  competing  proposals  under  con¬ 
sideration,  two  others  also  focused  on 

Manhattan  Square. 

The  first  of  these  came  in  1866  from 

Frederick  Law  Olmsted  and  Calvert  Vaux, 

who  had  designed  New  York’s  840-acre Central  Park  less  than  a  decade  before.  To 

augment  their  original  scheme  for  the 

park,  they  now  suggested  creating  a  zoo¬ 
logical  garden  and  natural  history  museum 

and  placing  both  in  Manhattan  Square. 
The  two  men  wrote  a  letter  to  the  Central 

Park  commissioners,  in  which  they  out¬ 
lined  their  ideas. 

It  seems  eminently  proper  that  the  Park 
should  contain  within  its  limits,  a  collection 

representative  of  the  animal  kingdom  so  lib¬ 
erally  arranged,  that  it  will  afford  ample 
gratification  and  entertainment  to  the  public 

generally  and  at  the  same  time  be  especially 
valuable,  as  an  adjunct  to  the  Common 

School  System  of  education. 

The  designers  planned  an  arched  tunnel 
entrance  from  the  park,  entering  the  square 

just  south  of  Seventy-ninth  Street.  The 
project  received  enough  support  to  find  its 

way  into  the  commissioner’s  1866  annual 
report  and  the  map  that  accompanied  it. 

Not  long  after  Olmsted  and  Vaux’s  pro¬ 
posal  reached  the  Central  Park  commis¬ 
sioners,  artist  William  Holbrook  Beard 

came  up  with  an  even  more  ambitious 

plan  for  Manhattan  Square:  a  National 

Academy  for  the  Advancement  of  Art.  Al- 
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though  he  had  no  previous  experience  as 
an  architect,  Beard  was  well  known  as  an 

artist.  He  was  especially  admired  for  his 

ability  to  paint  animals — both  as  them¬ 
selves  and  as  caricatures  through  which  he 

lampooned  Victorian  society.  Beard  trav¬ 
eled  in  influential  circles  in  the  art  world, 

sharing  studio  space  in  New  York  with  Al¬ 

bert  Bierstadt,  Frederic  Church,  John  La- 

Farge,  and  later,  Winslow  Homer — artists 
of  immense  popularity  whose  paintings 

captivated  audiences  with  their  strong  vi¬ 
sions  of  America.  Both  Bierstadt  and 

Church  contributed  to  the  planning  of  the 

Metropolitan  Museum  of  Art  in  the  late 

1860s,  and  Church,  in  1872,  became  a 

member  of  the  powerful  Central  Park 

Commission.  Beard’s  museum  design  was 
backed  by  many  of  his  artist  friends  and 

by  Henry  Keep,  a  wealthy  businessman 

who  was,  to  use  a  contemporary  phrase, 

“an  architect  of  his  own  fortune.”  While 
not  a  member  of  the  highest  level  of  New 

York  society,  Keep  was  eager  to  join  its 

ranks.  With  little  more  than  a  high-school 
education,  he  had  worked  his  way  from  a 

poorhouse  orphan  and  teamster  on  the 

Erie  Canal  to  a  position  of  great  wealth 

and  power.  Keep’s  competitive  spirit  may 
have  prompted  his  pledge  of  $  1 .5  million 

of  his  own  money  in  support  of  Beard’s 
museum — an  astounding  sum  for  its  day. 

With  Keep’s  encouragement,  Beard 
began  planning  his  museum  sometime  in 
the  late  1860s.  Although  Beard  himself 

Beard  planned  to  have  stone  figures 

representing  Ignorance  and 

Superstition  at  the  main  museum 

entrance,  below.  In  his  depiction  of  the 

antechamber,  right,  a  colossal,  seated 

figure  guarded  the  museums  portals. 

never  wrote  about  the  project,  his  ideas 

were  summarized  and  his  designs  repro¬ 

duced  in  Scribner's  Monthly,  an  influential 
and  popular  magazine  of  the  period  with  a 
national  circulation. 

According  to  Scribner’s,  Beard’s  Man¬ 
hattan  Square  museum  was  to  have  been 
housed  in  an  immense,  domed  building  of 

a  hybrid  architectural  style.  His  main 

focus,  however,  was  on  the  museum’s  two 

entrances  which,  like  Olmsted  and  Vaux’s 

Both  photographs  by  Peter  Goldberg 
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from  barbarism  to  civilization.”  The  logi¬ 
cal  culmination  of  this  evolutionary  jour¬ 

ney  was  to  be  a  gallery  filled  with  artistic 

depictions  of  “the  famous  characters  of  re¬ 
cent  times... our  statesmen,  soldiers,  ora¬ 

tors,  and  poets,  the  type  of  a  perfect  civi¬ 

lization.” 

Beard’s  museum  never  moved  beyond 

the  planning  stage  because  of  two  major 

complications:  the  death  at  age  fifty-one  of 

Keep,  the  project’s  chief  benefactor,  in 
July  1869,  and  the  rise  to  power  of 

William  Marcy  “Boss”  Tweed  and  Tam¬ 
many  Hall,  a  political  emergence  that  also 

brought  to  an  end  the  earlier  plans  of  Olm¬ 
sted  and  Vaux.  Tweed  was  a  figure  of  im¬ 

mense  power,  controlling  both  the  State 
House  and  City  Hall  from  his  position  in 
the  state  senate.  For  a  time,  the  Tweed 

Ring  even  took  over  the  administration  of 

Central  Park.  Olmsted  and  Vaux  were  dis¬ 

charged  as  chief  landscape  architects,  and 

plans  for  all  building  operations  in  the 

park,  including  the  zoological  gardens  and 

Beard’s  museum  in  Manhattan  Square, 
were  rescinded,  changed,  or  ignored. 

Ironically,  Tweed’s  total  control  of  polit¬ 
ical  power  in  the  state  contributed  to  the 

eventual  success  of  Bickmore’s  plan.  To 
purchase  European  collections  of  natural 

history  specimens  for  the  institution  in 
1868  and  1869,  Bickmore  had  enlisted  the 

support  of  a  number  of  wealthy  and  influ¬ 
ential  New  Yorkers,  including  Theodore 

Roosevelt,  Sr.,  Joseph  Choate,  Morris  K. 

Jesup,  and  J.  Pierpont  Morgan.  They  peti¬ 

tioned  the  legislature  for  a  charter  incorpo¬ 

rating  a  museum  and  library  of  natural  his¬ 

tory  “for  the  purpose... of  encouraging 

and  developing  the  study  of  Natural  Sci¬ 
ence  [and]  of  advancing  the  general 

knowledge  of  kindred  subjects,  and  to  that 

end  of  furnishing  popular  instruction  and 

recreation.” 
Through  the  intervention  of  Samuel 

Tilden,  later  a  reform  governor  of  New 
York  but  at  that  time  chairman  of  the 

Democratic  State  Committee,  Bickmore 

secured  a  letter  of  introduction  to  Tweed  in 

the  state  senate.  Recognizing  the  influence 

of  Bickmore’s  backers  and  responding  fa¬ 

vorably  to  Tilden ’s  support,  Tweed  swiftly 
shepherded  the  proposal  through  the  legis¬ 

lature,  obtaining  for  the  American  Mu¬ 
seum  of  Natural  History  an  official  state 

charter  on  April  6, 1869. 

Two  years  later,  the  legislature  ap¬ 
proved  the  joint  petition  of  the  American 
Museum  and  the  Metropolitan  Museum  of 

Art  (which  had  obtained  its  charter  in 

1870)  for  permission  to  build  suitable  fa¬ 

cilities  to  house  their  respective  collec- 

proposed  archway,  were  intended  to  pro¬ 

vide  the  public  with  an  underground  pas¬ 
sage  from  Central  Park  into  Manhattan 

Square. 
At  the  main  entrance,  visitors  would  see 

a  pair  of  “colossal  stone  figures”  repre¬ 
senting  Ignorance  and  Superstition. 

Twenty-foot  lions,  tigers,  and  bears — 

symbolizing  “the  difficulties  to  be  over¬ 
come  before  the  student  enters  into  the  real 

enjoyment  and  comprehension  of  the 

A  map  of  Central  Park  from  the  park 

commissioners’  1868  annual  report,  far 
left.  Left:  Frederick  Law  Olmsted  and 

Calvert  Vawc’s  1866  plan  for  a  zoological 
garden  and  natural  history  museum  in 

Manhattan  Square,  with  an  underground 

archway  entrance  from  Central  Park. 
Both  photographs  AMNH 

beautiful” — guarded  the  second  entrance. 
Once  past  these  imposing  statues,  visitors 

would  move  along  the  subterranean  walk¬ 

way  past  a  menagerie  of  “grotesque  ante¬ 
diluvian  animals  of  immense  size”  toward 
a  large  antechamber  dominated  by  a 

seated  figure,  “the  guardian  genius  of  the 

place.” 

Then  they  would  climb  a  flight  of  stone 

stairs  into  the  museum  proper  and  experi¬ 

ence  “the  gradual  progress  of  the  world 
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tions  in  Central  Park.  The  commissioners 

designated  Manhattan  Square  as  the  site 

for  a  structure  that  would  jointly  house  the 

two  museums  and,  despite  protests  from 

the  trustees  of  both  institutions,  had  the 

land  graded  and  prepared  for  construction. 

Before  construction  could  begin,  how¬ 
ever,  the  Tweed  Ring  was  overthrown. 

The  previous  park  commissioners  were  re¬ 
instated,  and  Olmsted  and  Vaux  came 

back  to  oversee  the  further  development  of 

the  park.  With  the  sympathetic  support  of 

the  new  administration,  the  Metropolitan 

Museum  of  Art  negotiated  its  present  site 

on  the  east  side  of  Central  Park  at  Eighty- 
first  Street.  The  American  Museum  of 

Natural  History  chose  to  remain  on  the 

west  side  in  Manhattan  Square. 

Despite  his  delight  at  the  city’s  approval 
of  plans  for  a  museum,  Bickmore  had  mis¬ 
givings  about  the  site.  Writing  many  years 
later,  he  recalled  that  in  1871, 

within  the  boundaries  of  our  area  the 

prospect  was  most  desolate  and  forbid¬ 
ding.  ...  In  the  southern  and  central  part  of 

the  square,  just  where  the  first  section  of  our 

building  was  to  be  erected,  was  a... hill, 

whose  crest  rose  as  high  as  the  ceiling  of  our 

present  Hall  of  Birds.  As  I  sat  on  the  top  of 

this  rock,  the  surrounding  view  was  dreary 

and  my  only  companions  were  scores  of 

goats....  On  the  west  were  only  shanties 

perched  on  rough  rocks,  and  south  of  us 

there  was  no  building  near,  except  the  “Da- 

cotah,”  a  fine  apartment  hotel  at  the  comer 
of  Central  Park  West  and  Seventy-second 
Street. 

Bickmore ’s  pessimism  was  short-lived, 

however.  At  the  trustees’  request,  Calvert 
Vaux  and  his  associate  J.  Wrey  Mould  re¬ 

placed  the  original  plan  for  a  modest,  two- 
story  museum  building  with  an  ambitious 

design — 740  feet  on  each  side — that  en¬ 
compassed  the  entire  square.  A  domed 

tower  in  the  center  of  four  inner  courtyards 

was  reminiscent  of  the  one  in  Bickmore ’s 
1 865  design.  The  buildings,  faced  with  red 

granite,  would  have  four  floors  of  exhibits 

and  a  fifth  floor  for  curators’  work  space. 
The  section  that  went  up  first,  beginning 

late  in  1872,  was  about  one-fourteenth  of 

the  proposed  building.  By  the  time  the  cor¬ 
nerstone  was  laid,  the  foundations  and  the 

walls  of  the  first  floor  had  been  put  in 

place.  As  President  Grant  daubed  mortar 

on  the  foundation  with  a  silver  trowel, 

Governor  John  Adams  Dix  expressed  his 

lofty  hopes  for  the  future: 

I  know  no  locality  so  suitable  for  this,  for 
such  a  Museum....  Most  of  us  remember 

when,  but  a  few  years  ago,  this  whole  dis¬ 
trict,  which  now  forms  the  Central  Park, 

was  an  unsightly  and  shapely  mass — “rudis 

indigestaque  moles."  Now  it  is  the  very  mir¬ 
acle  of  rural  beauty,  where  the  most  un¬ 

promising  and  stubborn  natural  feature  has 
been  made  to  blend  and  harmonize  with  the 

general  aspect  of  order  and  grace. 

By  1 894,  when  the  Museum  celebrated 

the  twenty-fifth  anniversary  of  its  charter, 

both  Governor  Dix’s  ambitious  projec¬ 

tions  and  Albert  Bickmore ’s  dreams  had 
been  fulfilled.  Manhattan  Square  had  been 

transformed  from  a  rocky,  rutted  goat  pas¬ 

ture  into  an  international  center  for  re¬ 
search  and  scientific  education.  □ 

AMNH 
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Collection  of  the  New- York  Historical  Society 

In  1871 ,  Vaux  and  Mould  drafted  a 

master  plan  for  the  Museum,  far  left,  but 

only  one  of  the  sections  was  completed, 
left.  Architects  Josiah  Cleaveland,  Louis 

DeCoppet  Berg,  and  Milton  See 
submitted  a  perspective  rendering,  below, 

in  1888,  incorporating  Vaux  and  Mould’s 
motif  of  a  Greek  cross,  but  only  the  77th 
Street  side  of  their  proposed  building 

(foreground)  was  built. AMNH 
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Science  Lite 

\ 

I  Have  a  Dream 
Gypsy  Witch  1 ;  Freud  0 

by  Roger  L.  Welsch 

Psychologists  say  we  all  dream  and  that 

we  all  dream  every  night.  No  doubt 

they’re  right,  although  I  rarely  recall  my 
dreams — but  then,  I  can  hardly  manage  to 
recall  why  Linda  sent  me  to  the  grocery 

store  only  moments  after  she’s  sent  me. 
What’s  curious  about  the  dreams  I  do  re¬ 

member  the  next  morning  is  that  the  in¬ 

ventory  is  remarkably  thin — a  total  of 
maybe  three.  And  they  are  all  bad.  Just  my 
luck. 

Roger  Dream  Number  1:  I  open  my 

mail  to  find  that  someone  has  finally  dis¬ 
covered  that  I  served  only  six  years  and 

seven  months  of  my  seven-year  military 
obligation  back  in  the  bad  old  days.  I  show 

up  at  my  base  and  am  standing  there  in  the 

ranks. .  .but  I  cannot  find  my  cap.  So,  there 

I  am,  at  attention  without  my  cap,  know¬ 
ing  that  Sergeant  Ericson  is  going  to  ream 

me  but  good,  just  as  he  always  did.  (I  often 

wonder  if  Sergeant  Ericson  maybe  has  the 

same  dream  but  smiles  in  his  sleep.) 

Roger  Dream  Number  2: 1  suddenly  re¬ 
member  that  school  is  about  to  start — al¬ 

though  in  real  life  I  haven’t  taught  in  a 
classroom  for  more  than  seven  years. 

Sometimes  I  am  allowed  a  couple  of  days 

before  I  step  into  the  class,  but  other  times 

I  am  in  my  office  and  the  bell  is  about  to 

ring.  I  realize  that  not  only  have  I  not  pre¬ 

pared  my  lesson  plans  but  that  I  also  don’t 

know  where  I’ve  put  my  transparencies — 
a  professorial  nightmare  indeed. 

Roger  Dream  Number  3: 1  am  about  to 

return  home  from  Europe  from  a  field  trip 

for  the  Smithsonian  Institution  (I  fre¬ 

quently  went  on  these  trips  twenty  years 

ago).  The  train  is  leaving  in  a  matter  of 

minutes  for  the  city  where  I  am  to  catch 

my  plane,  but  I  have  lost  my  room  key  and 

forgotten  my  room  number.  I  will  never 

get  everything  thrown  together  in  time. 

Sometimes  I  eventually  find  my  key,  re¬ 
member  my  room  number,  and  make  it  to 

the  airport  all  right,  but  as  I  stand  there 

watching  my  luggage  go  up  a  carousel 

ramp,  I  realize  that  I  have  packed  my 

ticket  and  passport  in  the  luggage,  which 
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is  about  to  go  onto  the  plane — and 
home — without  me. 

What’s  uncanny  about  these  dreams  is 
that  I  am  always  in  the  exact  same  room, 

hangar,  hotel,  or  airport.  I  don’t  know  if 
these  places  really  exist,  but  I  know  them 
like  the  back  of  my  hand  after  years  of 

sweating  out  the  complications  of  my 

dreams  in  these  settings.  My  dreams  never 

contain  any  surprises. 

The  real  mystery  to  me,  however,  is  the 

contrast  between  my  dreams  and  my 

wife’s.  I  am  big,  loud,  brash,  opinionated, 
independent,  and  blunt;  I  dream  about  los¬ 

ing  my  cap,  hotel  key,  or  passport.  Linda  is 

shy,  quiet,  gentle,  uncertain,  and  subtle; 
she  dreams  about  distant  planets  where 

fire-breathing  gorgons  with  coppery  teeth 

fight  wars,  tearing  great  hunks  of  flesh 

from  their  extragalactic  enemies  and 

throwing  the  pieces  they  do  not  eat  them¬ 
selves  down  long  Martian  cliffs  to  packs  of 

green,  screeching  centaurs  who  pound  the 

still  quivering  flesh  into  the  pink  soil. 

When  Linda  struggles  and  groans  in  her 

sleep  and  I  wake  her  up,  she  tells  me  about 

horrors  that  only  special-effects  experts 
can  dream  up.  I,  noting  that  such  scenes 

are  clearly  outside  any  conceivable  realm 

of  possibility,  say,  “There,  there”  and  go back  to  sleep. 

On  the  other  hand,  when  I  wake  up 

screaming  and  kicking  the  finials  off  the 
footboard  of  our  bed  and  explain  to  Linda 

that  I  had  this  terrible  experience  of  think¬ 

ing  I  packed  my  passport  in  my  suitcase 
and  checked  it  in  prematurely,  Linda  says, 

“Poor  baby.  At  least  the  airport  was  in  this 

solar  system,”  laughs  out  loud,  and  goes back  to  sleep. 

What  would  Freud  have  said  about  my 

dilemma?  “Forbidden  desires  cloaked  in 

symbolism”?  Maybe  in  Sergeant  Ericson ’s 
dream,  but  not  in  mine  (Sarge  always 

seemed  to  take  special  delight  in  calling 

attention  to  my  shortcomings).  “Resolu¬ 
tion  or  relief  of  fear  and  anxiety”?  When  I 
wake  up  moaning  and  yelling  because  of  a 

dream,  our  dog  Lucky  runs  out  of  his 

sleeping  porch,  barking  at  the  primal 



sounds  emanating  from  the  house  above, 

and  I  spend  a  good  part  of  the  rest  of  the 

night  calming  him  down  and  persuading 

Linda  not  to  start  him  up  again  by  laugh¬ 
ing  too  loud.  I  suspect  that  even  Freud 

wouldn’t  find  many  tantalizing  secrets 

buried  in  my  unconscious.  “Herr  Velsch,” 

he  would  say,  “my  analyziz  zuggests,  take 
it  a  fiddle  easier  on  de  barbecue  zauce  next 

time  you  pig  out  on  ribs.” 
One  of  the  first  books  I  remember  en¬ 

countering  in  my  parents’  home  was  The 

Gypsy  Witch  Dream  Book:  New  and  Re¬ 

vised,  Complete  and  Up-to-Date,  by  the 
Queen  of  the  Romanies  (which  beats  the 

living  heck  out  of  “Sigmund  Freud, 

M.D.”).  Whenever  I  consulted  the  book 
fifty  years  ago  to  interpret  the  hidden 

meanings  of  my  own  dreams,  I  was  im¬ 

pressed  by  how  goofy  the  Gypsy  interpre¬ 
tations  seemed  to  be — as  I  was  to  learn 

later,  right  up  there  with  Freud’s.  Since 

I’ve  never  thrown  the  book  away  (I’ve 
never  thrown  anything  away),  in  despera¬ 
tion  I  decided  to  turn  to  it  once  again  for 

some  idea  of  what  is  going  on  in  my  tor¬ 
tured  nocturnal  psyche. 

I  dug  out  The  Gypsy  Witch  Dream 

Book,  still  mysterious  in  its  plain  black 

binding  after  all  these  years.  It  had  “rein¬ 

deer”  and  “rhinoceros,”  “stovepipe”  and 

“lemonade,”  but  nothing  under  “pass¬ 

port,”  “lesson  plans,”  “airport,”  or 

“Sergeant  Ericson.”  But  whoops,  what 
was  this?  “Lose:  to  dream  of  losing  any¬ 

thing  foretells  sorrow  and  remorse.”  Yep, 
that  was  it,  all  right.  When  I  dream  about 

losing  my  cap,  passport,  or  lesson  plan, 

everyone  from  Lucky  to  Linda  is  filled 
with  sorrow  and  remorse. 

Eagerly,  I  read  on:  “To  lose  your  hat  or 

cap  can  be  an  unpleasant  experience. .  .but 

you’ll  have  to  admit,  it  beats  fire-breathing 

gorgons  and  green,  screeching  centaurs. 

And,  by  the  way,  next  time  you  dig  into  the 

ribs,  take  it  easy  on  the  barbecue  sauce.” 

Folklorist  Roger  L.  Welsch  lives  on  a  tree 

farm  in  Dannebrog,  Nebraska. 
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The  Mediterranean,  steeped  in  the  mytholo¬ 

gy  of  the  ancient  Greeks,  is  a  treasure-trove 
of  legendary  landmarks.  Even  after  some 

3,000  years,  Homer’s  epic  tale  of  the  journey 
of  Odysseus  throughout  this  region  continues 

to  enchant  romantics  and  inspire  adventurers. 
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This  fall,  a  team  of  American  Museum  and  guest  lecturers  will  lead  an  excit¬ 

ing  voyage  retracing  the  wanderings  of  Odysseus,  from  the  ancient  city  of 

Troy  to  the  mysterious  islands  in  the  farthest  reaches  of  Homer’s  world.  Join 
us  aboard  the  Stella  Maris  this  fall  as  we  re-create  one  of  the  great  maritime 

journeys  of  all  time. 
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Celestial  Events 

Crash  Landing  on  Jupiter 
by  Gail  S.  Cleere 

This  month,  fragments  of  Comet  Shoe¬ 

maker-Levy  9  will  smash  into  Jupiter’s  at¬ 
mosphere  at  a  speed  of  133,200  miles  per 
hour.  Scientists  calculate  that  some  of  the 

resultant  explosions  will  be  equivalent  to 

the  detonation  of  200,000  megatons  of 

TNT — more  than  the  force  of  all  the 

world’s  nuclear  arsenals.  The  combined 

effects  of  the  collision  of  the  twenty-one  or 
more  fragments  could  equal  the  energy 

level  of  the  great  Yucatan  impact  on  our 

own  planet  sixty-five  million  years  ago,  a 

catastrophe  that  ended  the  age  of  the  di¬ 
nosaurs.  The  action  will  take  place  over  a 

seven-day  period,  from  July  16  through 
July  22. 

Originally,  the  comet  may  have  mea¬ 
sured  from  one  to  six  miles  in  diameter 

and  the  estimates  of  its  largest  fragments, 

which  are  now  stretched  out  in  a  proces¬ 
sion  three  million  miles  long,  are  equally 

uncertain.  From  the  earth,  the  chain  ap¬ 
pears  to  be  roughly  half  the  size  of  the 

moon’s  angular  diameter  (twenty  arc  min¬ 
utes  of  the  sky). 

Since  its  discovery  in  March  1993, 

Comet  Shoemaker-Levy  9  has  attracted 
the  attention  of  astronomers  around  the 

world.  It  is  one  of  a  handful  of  comets 

known  to  orbit  Jupiter,  instead  of  the  sun, 

and  it  is  the  only  one  actually  observed  in 

orbit  (the  paths  of  others  were  determined 

from  their  motion).  Brian  Marsden,  an  as¬ 
tronomer  at  the  Harvard-Smithsonian  As- 

trophysical  Observatory,  believes  the 

comet  was  drawn  away  from  a  solar  orbit 

in  the  early  1970s  by  Jupiter’s  strong  grav¬ 
itational  pull.  Given  its  current  orbit,  the 

comet  must  have  made  a  close  approach  to 

the  massive  planet  in  July  1992,  passing 

just  13,000  miles  above  Jupiter’s  cloud- 
tops.  Immense  Jovian  tidal  forces  caused 

the  comet  to  crack,  crumble,  and  fly  apart. 

The  pieces  then  spread  out  in  a  line  as  they 
continued  in  their  orbit. 

Other  comets  have  been  observed  in  the 

act  of  breaking  apart,  but  in  this  case  the 

real  excitement  comes  from  the  prediction 

of  the  comet’s  imminent  demise.  Just  after 

the  comet’s  initial  discovery,  Marsden  and 

Paul  Chodas,  of  NASA’s  Jet  Propulsion 

Laboratory,  calculated  its  orbit.  They 
found  that  the  comet  would  crash  into 

Jupiter  on  its  next  close  approach,  in  the 
summer  of  1994. 

“The  planetary  science  community  is 

very  excited  about  this  event,”  says  Hal 
Weaver,  of  the  Space  Telescope  Institute 

in  Baltimore.  “Luckily  it’s  not  happening 

to  us,  so  the  bigger  the  better.”  Jupiter  will 
take  its  hits  on  its  dark,  far  side,  just  out  of 

sight  of  earth-bound  observers.  Each  im¬ 

pact  will  take  place  some  five  to  nine  de¬ 

grees  behind  the  planet’s  eastern  edge.  Be¬ 
cause  of  Jupiter’s  rapid  rotation,  each 
impact  site  will  become  visible  from  the 

earth  in  only  twenty  to  forty  minutes  after 
the  crash;  another  seventeen  minutes  will 

pass  before  each  site  crosses  into  sunlight. 

The  Galileo  spacecraft,  due  to  reach 

Jupiter  in  1995,  will  have  fine  views  of  the 

impact  explosions,  but  the  earth-orbiting 
Hubble  Space  Telescope  will  not  be  in  a 

position  to  see  the  collisions.  (It  will,  how¬ 
ever,  be  able  to  monitor  atmospheric 

An  artist’s  rendition  of  the  upcoming 
destruction  of  Comet  Shoemaker-Levy  9. 

Seen  from  the  perspective  of  the  Galileo 

spacecraft,  the  cometary  fragments  slam  ' 
into  the  dark  side  of  Jupiter. 
D.  A.  Seal;  Jet  Propulsion  Laboratory 

changes  on  the  planet.)  The  sun-orbiting 
Ulysses  spacecraft  will  have  a  view  of 
some  of  the  collisions  and  will  be  able  to 

monitor  the  impacts  in  radio  wavelengths. 

Both  Voyager  spacecraft,  now  on  their 

way  out  of  the  solar  system,  might  have 

observed  the  impacts  had  their  cameras 
not  been  turned  off.  There  is  now  too  little 

time  for  NASA  to  restore  these  on-board 
cameras. 

Astronomer  Reta  Beebe,  of  New  Mex¬ 

ico  State  University,  explains,  “All  the  ac¬ 
tion  will  happen  about  forty  to  forty-five 

degrees  south  latitude,”  just  below 

Jupiter’s  Great  Red  Spot.  “This  region  has 

no  outstanding,  long-lived  cloud  struc¬ 
tures  like  the  Great  Red  Spot,  but  it  is  ac¬ 

tually  quite  a  turbulent,  cyclonic  region  on 

the  planet,  where  clouds  tend  to  come 

apart.”  After  impact,  each  cometary  frag¬ 

ment  will  blow  up  not  far  below  Jupiter’s 
cloudtops,  and  the  hot  gas  that  results 

(54,000°  F)  will  create  a  huge  fireball  sim¬ 
ilar  to  a  nuclear  explosion.  According  to 

the  computer  models,  the  descending  fire¬ 

ball  will  dig  itself  a  chimney  and  blow  it¬ 
self  back  out.  There  is  a  slim  chance  that 

the  later  impacts  will  eject  material  high 

enough  to  be  visible  even  to  those  with 

backyard  telescopes  who  are  familiar  with 

Jupiter’s  normal  appearance. 
At  the  time  of  this  writing,  the  fiery  end 

of  Comet  Shoemaker-Levy  9  is  expected 
to  begin  at  approximately  3:30  p.m.,  EDT, 

on  the  16th.  As  the  sky  darkens,  look  in  the 

southwest  for  the  striking  configuration  of 

Jupiter,  the  waxing  gibbous  moon  below, 

and  Virgo’s  bright  star  Spica  to  the  west. 
As  the  cometary  collision  draws  near, 

check  local  papers  or  astronomy  publica¬ 
tions  for  updates  on  the  timing. 

The  Planets  in  July: 

Mercury  is  now  moving  into  the  early 

morning  sky  and  may  be  seen,  although 

with  some  difficulty,  to  the  east-northeast 
in  the  dawn  twilight.  On  the  7th,  the  planet 
is  about  two  moon  widths  below  a  slim 

crescent  moon.  At  the  end  of  the  month, 

Pollux,  in  Gemini,  can  be  seen  twinkling 
just  above  Mercury. 
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Venus  moves  lower  in  the  southwestern 

sky,  where  it  is  visible  just  after  sundown. 

What  the  planet  lacks  in  position,  how- 
i  ver,  will  be  made  up  in  brilliance  as  it 

moves  toward  its  greatest  elongation  east 

of  the  sun.  On  the  10th,  Venus  is  one  de¬ 

gree  above  the  bright  star  Regulus,  in  Leo. 

On  the  11th,  Venus  will  be  riding  high 
above  the  thin  crescent  moon. 

Mars  has  moved  into  Taurus  and  can  be 

seen  rising  about  three  hours  before  the 

sun.  On  the  5th,  Mars  will  be  positioned 

about  five  moon  widths  above  and  to  the 

right  of  the  crescent  moon.  By  midmonth, 

the  red  planet  rivals  the  reddish  star  Alde- 
baran,  which  is  just  below  it. 

Jupiter  is  past  the  meridian  (the  arc  of 

sky  stretching  from  due  south  to  due 

north)  as  the  sun  sets.  On  the  16th,  as  the 

planet  is  hit  by  the  first  fragments  of 

Comet  Shoemaker-Levy,  look  for  the 

giant  planet  about  six  moon  widths  above 

and  to  the  left  of  the  waxing  gibbous 
moon. 

Saturn  rises  before  midnight  among 

the  faint  stars  of  Aquarius  and  by  dawn  is 

well  placed  in  the  southern  sky.  On  the 

25th,  the  ringed  planet  is  seen  well  below 

and  slightly  to  the  right  of  the  waning  gib¬ 
bous  moon. 

Uranus  and  Neptune  are  both  at  oppo¬ 
sition  this  month  (seen  opposite  the  sun  in 

the  sky),  rising  as  the  sun  sets  and  setting 

as  the  sun  rises.  Using  binoculars  and  a  de¬ 

tailed  sky  chart,  you  have  a  chance  of 

spotting  these  two  blue-green  worlds  just 

east  of  the  constellation  Sagittarius. 

Pluto  remains  in  Libra,  plodding  along 

at  about  7,000  miles  per  hour  not  far  from 

the  bright  stars  of  Scorpius.  When  looking 

in  the  direction  of  Pluto,  we  face  the  center 

of  our  Milky  Way  galaxy. 

The  Moon  is  new  on  the  8th  at  5:37 

P.M.,  EDT,  and  reaches  first  quarter  at  9: 12 

P.M.,  EDT,  on  the  15th.  The  full  moo
n  oc¬ 

curs  on  the  22d  at  4: 16  P.M.,  EDT,  and  last 

quarter  occurs  on  the  30th  at  8:40  A.M., 
EDT. 

Gail  S.  Cleere  lives  in  Washington,  D.C., 

and  writes  on  popular  astronomy. 

American  Museum  of  Natural  History 

American 
Museum  of 
Natural History 

Discovery  Tours 
Central  Park  West  at  79th  Street 

New  York,  NY  10024-5192 

Toll-free  (800)  462-8687 

(212)  769-5700  in  New  York 

IN  KENYA 

December  20,  1994  - 
January  3,  1995 

December  is  a  glorious  month  to 

visit  Kenya  and  enjoy  the  Africa 

bush  under  canvas.  Join  the 

American  Museum  this  holiday 

season  for  a  very  special  safari  to 

Kenya’s  finest  game  parks. 

Kenya's  charms  are  many:  the 

famous  herds  of  game  in  Masai 

Mara  are  spectacular  and  accessi¬ 
ble;  the  views  from  escarpments 

embracing  the  Great  Rift  Valley 

are  sublime;  the  semi-arid 

Northern  Frontier  District  shim¬ 

mers  with  magical  light  at  dusk; 

and  the  morning  air  in  the 

Aberdare  Mountains  is  incompa¬ 

rably  invigorating.  Join  us  for  an 

unforgettable  holiday  experience. 

HOLIDAYS 

GIANT 
HEAVY  DUTY 

TRUCK 

TARPAULINS 
12X16  .  . .  .  $12 18X32  .  . .  .  $33 
16X20  .  . ..$19 20X30  . . ..$36 

18X24  .  . .  .  $26 26X40  . . . .  $58 

As  a  part  of  an  advertising  test,  North 

American  Tarp  Mfg.  will  send  any  of  the 

above  size  tarps  to  anyone  who  reads  and 

responds  to  this  test  before  the  next  30  days. 

Each  giant  heavy  duty  tarpaulin  is 
constructed  of  extra  tough,  100%  waterproof, 

high  density  fabric  and  has  nylon  reinforced, 

roped,  double-locked  stitched  hems, 

electronically  welded  seams,  with  #4  (1/2 

dia.)  metal  grommets  every  3  feet  all  around 
and  reinforced  triangular  corner  patches  so  it 

can  be  roped  down  and  secured  extra  tight. 

Specifically  designed  for  heavy  duty  uses  on 

trucks  carrying  heavy  duty  bulk  and  pallet 

riding  materials,  tractors,  extra  heavy 

machinery,  awnings,  tents,  sports  equipment, 

grain,  hay,  tools  or  any  equipment  fo
r 

industrial  or  private  use,  kept  outdoors  in  ho
t 

or  sub  freezing  weather,  E a c h  t a  r paulin  is 

accompanied  with  a  LIFETIME  GUARANTEE 

that  it  must  perform  100%  or  it  will
  be 

replaced  free.  LIMIT  (10)  any  size  tarp  per 

address.  Add  $7  handling  and  crating  for 

each  tarpaulin  requested.  Send  appropriate 

sum  together  with  your  name  and  address  
to: 

Dept.  T-836  North  American  Tarp  Mfg  16135 

Leadwell  St.,  Van  Nuys,  CA.,  91406.  Or  for 

fastest  service  from  any  part  of  the  country: 

CALL  FREE 
7  Day)  a  W  t  •  k  ,  24  Hour!  o  Day 

1-800-374-2030 
DEPT.  T-836 

HAVE  YOU*  CISDI1  CAID  READY  VISA  /  *C 

Ipiease  mail  this  coupon  TODAY  for  complete  FREE 
I  DETAILS  of  the  DR®  FIELD  and  BRUSH  MOWER 

•  including  prices,  specifications,  and  "Off-Season"  Savings  • 
I  now  in  effect.  There  is  no  obligation.  * 

-the  amazing  walk-behind  brush  cutter  that- 
CLEARS  &  MAINTAINS  meadows, 

pastures,  woodlots,  wooded  and  rough 
non-lawn  areas  with  ease.  CUTS  tall 

grass,  weeds,  brambles,  tough  brush 

and  saplings  up  to  1 "  thick. CHOPS/MULCHES  most 

everything  it  cuts.  Leaves NO  TANGLE  of  brush  to  pick  up 

like  hand-held  brushcutters  and 
sicklebar  mowers.  Perfect  for 
low-maintenance  wildflower 

meadows,  European-style woodlots,  walking 

paths,  or  any  area 

you  only  want  to mow  once  a 
month  or  once 
a  season! 

. 

$ 

°  resenting... 

The  DR®  FIELD  and 
BRUSH  MOWER 

i 

|  Name  _ 

^  Address 

I 

|  Oily _ State _  zie -  I 

i  To:  COUNTRY  HOME  PRODUCTS®,  Dept.  20407F  | 

Ferry  Road^Boxj^,  Charlotte,  VT_  05445_  j 
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H|e  Marl^t 
Art/Crafts 

AFRICAN  MASKS  AND  FIGURES,  $150  -  $350, 
please  request  photos,  McCoy  Imports,  Liberty,  NY 
12754. 

NAVAJO,  ZUNI  —  OLD  PAWN  jewelry  —  sandpaint- 
ings,  kachinas.  Wholesale  catalog  $3.00.  Indian 

Treasures,  Box  9771 -NH,  Phoenix,  AZ  85068. 

Books/Publications 

DISCOVER  3-D!  Send  $1.00  (refundable  with  order) 

for  our  catalog  of  “in  depth”  publications  to  Cygnus 
Graphic,  Box  32461-N,  Phoenix,  AZ  85064. 

DO  YOU  HAVE  A  BOOK  TO  PUBLISH?  Contact  es¬ 

tablished  co-operative  publisher  with  offices  in  USA  and 
Europe.  Call  Pentland  Press,  Inc.  1-800-948-2786. 

MANUSCRIPTS  WANTED,  all  types.  Publisher  with 

70-year  tradition.  Free  examination,  “Guide  to  Publi¬ 
cation.”  1-800-695-9599. 

Bargain  Books 
|  Save  up  to  80%  on  publishers'  overstocks,  | 

(remainders.  Thousands  of  books,  from yesterday's  best  sellers  to  rarely  seen  titles.  I 
birds  &  Animals,  Nature,  Gardening, 

Cooking,  Fiction,  History — over  40  subject  I 
areas.  Write  for  FREE  CATALOG.  1 

^lamilton  Box  15-992,  Falls  Village  CT 0603JJ 

OUT-OF-PRINT  BOOKS  on  Geology,  Archaeology, 

Natural  History  and  related  subjects.  Free  catalogs. 
The  Hannum  Company,  Box  1505,  Ardmore,  OK 
73402-1505 

PUBLISH  YOUR  BOOK!  All  subjects  invited.  Attractive 

books,  publicity,  advertising,  quality  service,  covering  5 

decades  of  satisfied  authors.  Send  for  fact-filled  book¬ 
let  and  Free  manuscript  report.  Carlton  Press,  Dept. 
NHG,  11  W.  32nd  St.,  New  York,  NY  10001 

TRAVEL  AND  LEARN.  Award-winning  Travel  Guide 

to  nature,  ecology,  archaeology  expeditions  world¬ 
wide.  $22.50  postpaid.  Free  leaflet  1-800-800-8147. 

WE’LL  PUBLISH  YOUR  BOOK!  Our  46  years  experi¬ 
ence  will  help  you  to  success.  Send  Manuscript  or 
outline  for  free  information  and  evaluation.  Rivercross 

Publishing,  Dept.  NH,  127  East  59th  Street,  New  York, 
NY  10022. 

YESTERDAY’S  BOOKS  LOCATED,  no  obligation. 
Out-of-State  Book  Service,  Box  3253J,  San 

Clemente,  CA  92674-3253  (714)492-2976 

Education 

SPEAK  SPANISH,  FRENCH  OR  ANY  OF  71  Lan¬ 

guages  as  U.S.  diplomats  do  using  same  self-study 
cassettes/textbook.  Nearly  50%  savings!  Free  cata¬ 
log.  Call  Audio  Language  Institute,  1-800-722-6394. 

VETERINARY  ASSISTANT/ANIMAL  CARE  Careers. 

Home  study.  P.C.D.I.,  Atlanta,  Georgia.  Free  litera¬ 
ture.  800-362-7070  Dept.  CCH124. 

AN  ACADEMIC 
ALTERNATIVE 
HOME  STUDY  •  ENRICHMENT 

Since  1897 

•  teach  your  child  at  home 
•  complete  curriculum  kindergarten-8 
•  no  experience  necessary 

•  traditional,  classical  education 
•  accredited,  nonprofit  program 

•  advisory  teachers  available 
•  all  materials  included 
•  French  and  music  courses  offered 
•  send  for  free  information 

Calvert  School 

(410)243-6030  fax  (410)366-0674 
Dept.  NN74  •  105  Tuscany  Road » Baltimore,  MD  2121 0^ 

WILDLIFE  CONSERVATION/OUTDOORS/Ecology 

careers.  Home  study.  Free  literature.  P.C.D.I.,  At¬ 
lanta,  Georgia.  800-362-7070  Dept.  NNH124. 

WOODS  HOLE  —  Bermuda  Writing  Program.  Are 
you  the  next  Michael  Crichton,  Lewis  Thomas  or 

Stephen  Jay  Gould?  Join  a  science  and  nature  writ¬ 
ing  program  in  a  unique  research  community.  Woods 
Hole  Writing,  P.O.  331,  Woods  Hole,  MA  02543  (508) 
540-3044. 

A  New  York  City  entrepreneur 
Steve  Meltzer 

Employment  Opportunities 
EASY  WORK!  EXCELLENT  PAY!  Assemble  products 

at  home.  Call  toll  free  1-800-467-5566  Ext.  6371 

ENVIRONMENTAL  OPPORTUNITIES-Monthly  bul¬ 
letin  lists  environmental  job  openings  throughout  the 
U.S.  Free  details.  EOV,  P.O.  Box  788,  Walpole,  NH 

03608  (603)756-4553 

GET  PAID  FOR  READING  BOOKS!  $100  per  book. 

Send  name,  address  to  Calco  Publishing  (Dept.  C- 
515),  500  South  Broad,  Meriden,  CT  06450. 

MOUNTAIN  WEST  ENVIRONMENTAL  OPTIONS 

employment!  Send  SASE  to  MWEO-4R,  3355  S. 
Flower  #106,  Lakewood,  CO  80227  (303)985-7111. 

Financial 

LET  THE  GOVERNMENT  FINANCE  your  small  busi¬ 
ness.  Grants/loans  to  $500,000.  Free  recorded  mes- 

sage:(707)  449-8600.  (LAI) 

Merchandise/Gifts 

ATTRACT  HUMMINGBIRDS  with  this  colorful  Stained 
Glass  feeder.  Complete  with  10  oz  bottle,  hanging 
chain,  and  instructions.  $32  pp.  HBF,  22845  NE  8th 

#420,  Redmond,  WA  98053  (206)  868-2909. 

METEORITES-RARE  SPACE  COLLECTIBLES.  Dis¬ 

play  specimens,  jewelry,  books.  Authenticity  guaran¬ 
teed.  Catalog  $2.  Bethany  Sciences,  P.O.  Box  3726-N, 
New  Haven,  CT  06525. 

NATURAL  GEMSTONES.  Pricelists  $3.00  refund¬ 
able  with  first  order.  Carat  Patch,  Box  1799,  College 
Station,  TX  77841 . 

RELAXATION  TOOLS:  New  recycled  Envirope  ham¬ 
mocks,  accessories,  our  exclusive  Hanging  Chair.  Satis¬ 
faction  guaranteed.  Free  brochure.  800-688-8946.  Twin 
Oaks  Hammocks,  Rt  4,  Box  169,  Louisa,  VA  23093. 

Photo/Optical 

BINOCULAR  SALES  AND  SERVICE.  Repairinci 
binoculars  since  1923.  Alignment  performed  on  our 
U.S.  Navy  collimator.  Free  catalog  and  our  article 

“Know  Your  Binoculars,”  published  in  Audubon  Maga¬ zine.  Mirakel  Optical  Co.  Inc.,  331  Mansion  St.,  West 

Coxsackie,  NY  12192  (518)731-2610 
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Tours/Trips 

ADVENTURE  CALLING!  Outstanding  wildlife  safaris  in 
Kenya,  Tanzania,  Botswana,  Rwanda,  Zimbabwe  & 
South  Africa.  Low  cost  camping  or  deluxe.  Amazon' 
Cruise,  camp,  hike  or  paddle  the  jungle  wilderness 
Fantastic  flora  &  fauna.  Galapagos!  Swim,  sail  and 

snorkel  Darwin's  "Enchanted  Isles.”  Choice  yachts Machu  Picchu  option.  Costa  Rica!  Rainforest  expedi¬ 
tions  alive  with  dazzling  birds  and  tropical  wildlife.  Small 
groups,  expert  guides,  guaranteed  departures.  Free 
Brochures!  Special  Interest  Tours.  Call  (800)  525-6772 

South  American  Adventures 

•Galapagos  Islands 
•Patagonia/Peru 
•Tikal/Belize 

Call  for  94/95  brochure 
501  Fifth  Ave.  New  York,  N.y.  (212)  370-0! ,55  1-304-872-42J6 

ADVENTURES  IN  AFRICA  &  EGYPT:  Economical 

camping  safaris  in  Kenya,  Tanzania,  Uganda,  Zim¬ 
babwe,  Botswana,  Namibia.  Kilimanjaro  climbs, 

gorilla  tracking,  more.  Also,  unique  tours  in  Egypt, 
Israel,  Turkey,  Jordan,  Syria.  Free  color  catalogs. 

Himalayan  Travel,  (800)  225-2380,  24  hours. 

AFRICA!  —  Affordable  adventures  that  explore 

Africa’s  wildlife  and  cultures  in  depth.  Tanzania, 
Kenya,  Botswana,  Namibia.  Excellent  guides  and  itin¬ 
eraries.  Small  groups  or  private  safaris.  Voyagers, 

Dept.  NH,  Box  915,  Ithaca,  NY  14851.  (607)  257- 
3091. 

AFRICA:  Personalized  safaris  in  East  and  Southern 

Africa  featuring  Ranch/Private  Home  Safaris,  Box  49, 

Mt.  Tremper,  NY  12457  1-800-724-1221. 

The  Amazon,  Machu  Picchu  &  more., 

The  specialists  in 
Latin  American 

EC®  adventure  travel. 

1  (800)  854-0023 
10629  N.  Kendall  Drive  Miami,  Florida  33176  (305)279-8494 

ALASKA  NATURAL  HISTORY  and  Photographic 

Workshop.  Our  tenth  year  of  combining  natural  his¬ 
tory  instruction  with  hands  on  photographic  work¬ 
shops  led  by  professional  naturalists  and  internation¬ 
ally  known  nature  photographers.  Live  aboard 
comfortable  cruise  vessel  with  only  8  other  guests. 

Cruise  wilderness  Southeast  Alaska:  Whales,  Griz¬ 

zlies,  Ancient  Forests,  Glaciers,  Pristine  Beauty,  Na¬ 
tive  Art  and  Culture.  1007  Leneve  PI.,  El  Cerrito,  CA 

94530  1-800-527-7229. 

ALLAGASH  CANOE  TRIPS.  Maine  and  Canada. 

Wilderness,  wildlife.  Guided  adventures  for  adults, 
families,  teens.  Box  71 3H,  Greenville,  ME  04441 

(207)  695-3668. 

* ALASKA  •  GALAPAGOS  ^ 
ARCTIC  •  RUSSIA  •  BAJA 
AUSTRALIA  •  PATAGONIA in Quality  Natural  History  &  Photography Trips  -  20  Years  Experience 

BIOLOGICAL  JOURNEYS 
1696N  Ocean  Dr.,  McKinleyville,  CA  95521 

800-548-7555  or  707-839-0178 

AMAZON  RAINFOREST  EXPLORATION  with  natu¬ 
ralist  guide.  Stay  at  beautiful  lodge/deep  jungle  camp. 
Affordable  rates,  small  groups/independent  travelers. 
Free  brochure  (800)  765-5657.  Sol  International, 
13780  S.W.  56th  St.  107,  Miami,  FL  33175 

AUSTRALIA/NEW  ZEALAND  WALKABOUTS: 

Nature,  Hiking  and  the  Outdoors.  Enjoy  hiking  and 
camping  safaris,  lodge  stays,  and  island  resorts  in 
New  Zealand’s  scenic  National  Parks  and  Milford 
Track;  Australia’s  Outback,  Tropical  North,  and  Great 
Barrier  Reef.  Pacific  Exploration  Co.,  Box  3042-N, 
Santa  Barbara,  CA  93130  (805)687-7282. 

GALAPAGOS 
You,  9  other  adventurers  and  our  licensed 

naturalist  will  sail  by  yacht  to  explore  more  islands 

than  any  other  Galapagos  expedition.  60  trip 
dates.  Machu  Picchu  option.  Free  brochure. 

Inca  Floats  510-420-1550 
1311  -N  63rd  St.,  Emeryville  CA  94608 

GALAPAGOS.  Specializing  in  comprehensive,  pro¬ 
fessionally-led,  natural  history  and  photo  tours  of  the 

Galapagos  Islands.  Monthly  departures/12  passen¬ 
ger  yachts.  Galapagos  Travel,  P.O.  Box  1220,  San 

Juan  Bautista,  CA  95045  (800)969-9014. 

GREEK  ISLES,  TURKEY,  COSTA  RICA,  Guatemala, 
Honduras,  Indonesia,  Pakistan,  India,  Yemen,  Jordan, 

Syria,  Egypt,  Scotland,  England,  Ecuador,  Galapa¬ 
gos,  Australia,  New  Zealand  and  many  more.  Small 

group  holidays  for  all  ages.  Call  for  brochure  and  itin¬ 
eraries.  Adventures  Abroad  1-800-665-3998,  24 hours. 

Andes  &  Amazon 
Brazil,  Peru,  Ecuador,  Argentina 

Explore  with  expert  guides.  Weekly  trips  year  round  link  remote 
sites  in  ten  Latin  countries.  Quality  services  for  small  groups 
Request  JOURNEYS  jlJL 

catalog.  1-800-255-8735  f’jS) 401 1  Jackson  Rd,  Decrt  NH.  Ann  Arbor,  Ml  481 03  M\f®| 
Worldwide  Nature  &  Culture  Explorations  since  1978. '  

INDIA,  NEPAL,  TIBET,  THAILAND,  BORNEO,  In¬ 

donesia,  Vietnam.  Tours,  treks,  safaris,  overland  ad¬ 
ventures.  Huge  selection.  Affordable  rates.  Free 
color  catalogs.  Himalayan  Travel,  112  Prospect  St., 

Stamford,  Ct  06901 .  (800)225-2380,  24  hours. 

MACHU  PICCHU  &  South  America.  Trekking  the  Inca 

Trail.  Amazon.  Patagonia.  Guaranteed  depar¬ 
tures/customized  itineraries.  Free  brochures.  Terra 

Adventures,  70-15  Nansen  St.,  Forest  Hills,  NY 

11375.  (800)53-TERRA. 

AUSTRALIA:  Rainforest,  Outback  &  Great  Barrier  Reef, 

a  unique  safari  and  sailing  type  natural  history  expedition. 

October  29  -  November  13,  1994;  $2,860.  (619)534- 
7523  or  SBAM  Expeditions  0207,  Scripps  Institution 

Oceanography,  UCSD,  LaJolla,  CA  92093-0207. 

COSTA  RICA  &  Central  America.  National  Parks, 

wildlife,  birdwatching,  rafting,  beaches.  Weekly  de¬ 
partures.  Free  brochures.  Terra  Adventures,  70-15 

Nansen  St.,  Forest  Hills,  NY  11375.  (800)53-TERRA. 

DISCOVER  MEXICO’S  COPPER  CANYON,  Costa 
Rica,  more  with  the  California  Native.  Call  1-800-926- 
1 1 40  for  free  newsletter. 

EXPLORE  EXOTIC  AVIFAUNA  &  FLORA.  Small 

groups  or  custom  design.  Discover  the  Secrets  of 

Venezuela  with  Sabrosa  Adventures,  1 -800-84-first. 
Fax  212-949-1832. 

AMAZON  RAIN  FOREST 

Experience  the  remote  rain  forest  in 

total  personal  comfort. 

3^,  Abundant  wildlife,  pink 
ECrfCs  dolphins,  pristine  lakes. 

~  fXPEDiTloNS^  Keoo)  854 . 0023 

10629  N.  Kendall  Drive  Miami,  Florida  33176  (305)  279-8494 

EXPLORE  UNDERWATER  LIFE.  Spend  a  week 

aboard  the  “M/V  Dream  Too”.  Swim,  Dive  or  Snorkel 
with  Wild  Dolphin,  Shark  and  Reef  Creatures.  1-800- 
741-5335  or  1-407-723-9312. 

GALAPAGOS-AMAZON.  Best  choice  of  cruises:  Lux¬ 

ury  to  Economy.  Weekly  departures.  Free  brochures. 
Terra  Adventures,  70-15  Nansen  St.,  Forest  Hills,  NY 

11375  (800)53-TERRA. 

GALAPAGOS!  —  Excellent  boats,  small  groups,  natu¬ 

ralist  guides.  In-depth  natural  history  and  photo  trips 
include  mainland  Ecuador  and  optional  Amazon  Basin 

extension.  Voyagers,  Dept.  NG,  Box  915,  Ithaca,  NY 

14851.  (607)257-3091. 

GALAPAGOS  ISLANDS  tours  since  1979.  Mainland 

Ecuador/Peru/Bolivia  options.  Joseph  Colley,  LAST 

Inc.  43  Millstone,  Randallstown,  MD  21133  (410)  922- 
S1 16. 

INTDONeSIA  WIUDLipe 
Natural  History,  Culture  and  Wildlife. 

Orangutans,  Dragons,  Rhinos,  El¬ 
ephants,  and  more.  Borneo,  Komodo, 
Sumatra,  Java,  Sulawesi,  Sumba. 

800-  642-ASIA 
Call  for  a  Free  Catalog 

BoLder-  A ■dveotru.r-es 

SCUBA  DIVE  IN  THE  SEA  OF  CORTES.  Join  biolo¬ 
gists  in  collecting  marine  life  for  Scripps  Institution  of 

Oceanography  public  displays.  October  2  -  9,  1994; 
$1,850.  (619)  534-7523  or  SBAM  Expeditions  0207, 

SIO,  UCSD,  LaJolla,  CA  92093-0207. 

SOLAR  ECLIPSE  November  03.  Camping  in  south¬ 
ern  Peru,  best  view  point.  Continue  with  trekking  the 

Inca  Trail  to  Machu  Picchu.  Terra  Adventures,  70-15 

Nansen  St.,  Forest  Hills,  NY,  11375.  (800)53- 

TERRA. 

SOUTH  &  CENTRAL  AMERICA:  Overland  &  natural 

history  tours,  Amazon,  Galapagos,  Andean  trekking. 

Free  color  catalog.  Himalayan  Travel.  (800)225-2380. 

TOTAL  SOLAR  ECLIPSE!  —  Off  the  beaten  path 

photographic  tour  for  the  November  eclipse  to  Ar¬ 
gentina,  Chile,  and  Bolivia.  Group  size  limited.  Voy¬ 
agers,  Dept.  NE,  Box  915,  Ithaca,  NY  14851.  (607) 
257-3091. 

TREAD  LIGHTLY  this  summer  to  Newfoundland, 

Brazil,  Belize  and  more.  Check  out  our  wholesale  air 

fares.  (800)643-0060;  (203)868-1710. 

Rates  and  Style  Information 

$3.90  per  word:  1 6  word  minimum.  Display  classified 
is  $425  per  inch.  All  advertisements  must  be  prepaid. 

Rates  are  not  structured  for  agency  or  cash  dis¬ 
counts.  All  advertisements  are  accepted  at  NAT¬ 

URAL  HISTORY’S  discretion.  Send  check/money 
order  to:  The  Market/NATURAL  HISTORY  Maga¬ 
zine.  Central  Park  West  at  79th  St.,  New  York,  NY 

10024.  Direct  any  written  inquiries  to  Eileen  O’Keefe 
at  the  above  address.  Please  include  your  personal 
address  and  telephone  number,  issue  preferred,  and 

suggested  category.  Deadline — 1st  of  the  month, 
two  months  prior  to  cover  date. 
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BAJA 

CALIFORNIA 
WHALE  WATCHING 

EXPEDITION 

Feb.  21  -  March  2,  1995 

■  American  Museum 

of  Natural  History 

American 
Museum  of 
Natural 
History 

Discovery  Cruises 
Central  Park  West  at  79th  Street 

New  York,  NY  10024-5192 

Toll-free  (800)  462-8687  or 

(212)  769-5700  in  New  York 

The  Baja  Peninsula  is  a  spec¬ 
tacular  desert  wilderness  sur¬ 

rounded  by  a  rich  marine 

environment.  Every  winter 

California  gray  whales  con¬ 
verge  in  these  waters  to  court 
and  breed.  Join  a  team  of 

American  Museum  lecturers 

aboard  the  39-cabin  M.V.  Sea 

Bird  for  an  expedition  in 

search  of  seabirds,  manta  rays, 

sea  lions,  tropical  fish,  enor¬ 
mous  cacti,  rare  plants,  flowers 

and  these  magnificent  whales. 

At  the  American  Museum  of 
Natural  History 

125  Years  of  Collecting 
Photographs 

Since  its  founding  in  1869,  the  Amer¬ 
ican  Museum  of  Natural  History  has  not 

only  collected  photographs  from  well- 
known  photographers  around  the  world 
but  has  also  used  the  camera  as  an  essen¬ 

tial  tool  in  documenting  expeditions,  cul¬ 
tures,  artifacts,  fauna,  and  habitats. 

Drawn  from  the  Museum’s  Library, 
which  houses  more  than  a  million  im¬ 

ages  and  3,000  reels  of  film,  the  exhibi¬ 

tion  “The  World  Explored:  125  Years  of 

Collecting  Photographs”  will  feature 

lantern  slides  collected  by  the  Museum’s 
founder,  Albert  Bickmore;  arctic  pho¬ 
tographs  from  the  1 880s,  taken  by  John 

Dunmore;  and  Native  American  images 

from  the  Wanamaker  expeditions,  taken 

by  Joseph  Dixon. 
The  exhibits  will  be  on  display  in  the 

Library  Gallery  through  January  1995. 

The  Gallery  is  located  on  the  fourth  floor 

and  is  open  Monday  through  Friday, 
from  10:00  a.m.  to  4:30  p.m. 

The  Apollo  Adventure 

On  Wednesday,  July  13,  Andrew 

Chaikin,  author  of  the  recently  published 

A  Man  on  the  Moon,  will  present  “An 

Apollo  Retrospective,”  the  scientific 

findings  from  the  first  manned  moon 
landing.  On  Thursday,  July  21,  Peter  G. 

Wilhelm,  director  of  the  Naval  Center 

for  Space  Technology,  will  discuss  what 

has  happened  since  Apollo  in  “Project 
Clementine:  A  Return  to  the  Moon.” 

Both  lectures,  part  of  the  “Frontiers  in 

Astronomy  and  Astrophysics”  series, 
begin  at  7:30  p.m.  in  the  Sky  Theater. 
Tickets  are  $8  ($6  for  members). 

“Man  on  the  Moon:  The  Apollo  Ad¬ 

venture,”  the  Planetarium’s  special  exhi¬ 
bition  marking  the  twenty-fifth  anniver¬ 
sary  of  the  Apollo  11  moon  landing,  will 

run  through  the  end  of  September.  Fea¬ 
tured  are  a  model  of  the  original  Apollo 

11  lunar  module,  Eagle;  a  full-size 

replica  of  the  Lunar  Rover;  and  memora¬ 
bilia  from  the  Apollo  flights.  The  award¬ 
winning  film  The  Eagle  Has  Landed  will 

be  shown  continuously  at  the  exhibition. 
For  information  about  all  Planetarium 

events,  call  (212)  769-5900. 

These  events  take  place  at  the  American 
Museum  of  Natural  History,  Central 
Park  West  at  79th  Street  in  New  York 

City.  The  Museum  has  a  pay-what-you- 

wish  admission  policy.  For  more  infor¬ 
mation  about  the  Museum,  call  (212) 
769-5100. 

Martin  Johnson  ( center )  is  one  of  the  many  photographers  whose  work  is  featured 
in  the  Library’s  exhibition,  “The  World  Explored.  ” AMNH 
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SAnSFACTION  GUARANTEED 
MR/MRS/MISS 

ALL  ORDERS  ARE  SUBJECT  TO  ACCEPTANCE. 

ADDRESS 

PLEASE  PRINT  CLEARLY. 

APT  # 

CITY/STATE 7.1  P 

TELEPHONE  #  ( _ ) 

©  1994  FM 15926-1 35- 001-80GQ 

Save  the  Eagle,  Proud  and  Free.  The  first  Eagle  Fine  Art 

Print  ever  created  for  the  famed  Alaska  Chilkat  Bald  Eagle 

Preserve,  the  world’s  largest  Eagle  preserve. 
Created — and  personally  hand-signed  by  Ted  Blaylock, 

who  ranks  among  the  world’s  most  widely  collected  wild¬ 
life  artists. 

Handsomely  matted  and  mounted  in  a  custom- 

designed  hardwood  frame.  Certified  authentic  by  an  offi¬ 

cial  commemorative  medallion — authorized  by  the  Stale  of  Alaska 

and  richly  embellished  with  24  karat  gold.  Just  $195,  payable 

in  monthly  installments. 

If  you  wish  to  return  any  Franklin  Mint  purchase,  you  may 

do  so  within  30  days  of  your  receipt  of  that  purchase  for 

replacement,  credit  or  refund. 

Official  commemorative 

medallion  rich  with  24  karat  gold 

is  shown  actual  size  of  28mm. 

Official  Issue  of  Alaska’s  Chilkat  Bald  Eagle  Preserve. 

July  31, 1994. The  Franklin  Mint  •  Franklin  Center,  PA  19091-0001 

Please  enter  my  order  for  Save  the  Eagle,  Proud  and  Free, 

authenticated  by  Alaska’s  Chilkat  Bald  Eagle  Preserve. 
I  need  SEND  NO  MONEY  NOW.  1  will  be  billed  in  5  equal 

monthly  installments  of  .$39.*  each,  with  the  first  installment 
due  pr  ior  to  shipment.  *Plus  my  state  sales  tax  and 

a  one-time  charge  of  $3.  for  shipping  and  handling. 

Save  the  Eagle,  Proud  and  Free 



The  Natural  Moment 



Raw  Bar 
In  early  summer,  an  Alaskan  brown 

bear  attempts  to  open  a  razor  clam  it  has 
excavated  from  a  sandbar  on  the  Katmai 

coast.  Standing  on  the  clam  with  one 

foot,  the  bear  delicately  pries  the  halves 

of  the  shell  apart  with  its  claw  to  expose 

the  meat  (other  bears  use  their  teeth  to 

crush  clams).  After  slurping  down  the 

contents  of  the  shell,  the  bear  moves  on, 

nose  to  the  ground,  looking  for  more 

food.  The  razor  clam’s  half-foot-long 
neck  may  just  be  visible  at  the  surface, 
but  when  the  bear  grabs  for  it,  the  clam 
retreats  farther  into  the  sand,  making  the 

predator  dig  for  its  meal.  Only 
occasionally  does  the  bear  snag  the  prey 

before  it  retreats  into  the  muck.  Foxes 

(inset),  seagulls,  and  other  animals  often 
follow  closely  behind  clamming  bears, 

picking  over  the  discarded  shells  for scraps. 

For  the  bears,  the  clams  are  more  than 

an  occasional  treat.  During  the  four  hours 
or  so  that  the  tides  left  this  sandbar 

exposed,  this  bear  left  a  trail  of  more  than 
one  hundred  holes;  each  had  yielded  a 

razor  clam.  Until  the  salmon  runs  begin  at 

the  end  of  the  summer,  the  mollusks 

provide  a  welcome  source  of  protein  to 

augment  the  sedge  grass  that  the  bears 

graze  on  in  the  coastal  meadows. — R.  A. 

Photographs  by  Will  Troyer 
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Authors 

“My  unwavering  interest  in  shells 
began  at  the  age  of  ten,  when  my  fourth- 
grade  teacher  brought  Florida  shells  to  us 

in  Dover,  New  Jersey,”  says  ecologist- 
geologist  Geerat  J.  Vermeij  (page  32), 

who  has  been  blind  since  the  age  of  three 

and  uses  touch  in  the  study  of  marine  life. 

“These  clam  and  snail  shells,  many 
adorned  with  neatly  arranged  ribs,  knobs, 

and  even  spines,  were  so  vastly  prettier 

and  more  elegant  than  the  chalky  (al¬ 
though  still  nice)  shells  I  had  known  in 
the  Netherlands  that  I  resolved  to  collect 

and  study  them.”  In 
1968,  he  graduated 
from  Princeton 

University,  where 

he  majored  in  biol¬ 

ogy,  and  then  went on  to  earn  his 

Ph.D.  from  Yale 

University.  Now  a 

professor  at  the 

University  of  Cali¬ 
fornia  at  Davis, 

Vermeij  continues 
to  do  fieldwork 

throughout  the 
world,  especially  in 

Guam  and  other  parts  of  the  western  Pa¬ 
cific.  The  evolution  of  labral  spines  (sharp 

downward  protrusions)  in  predatory 

snails  is  one  of  his  current  research  inter¬ 

ests,  as  is  his  formulation  of  a  history  of 

life  based  on  the  “market”  forces  of  risk, 
reward,  benefit,  cost,  supply,  and  demand. 

For  additional  reading,  Vermeij  recom¬ 

mends  Extinct  Birds,  by  E.  Fuller  (Lon¬ 
don:  Viking/Rainbird,  1987)  and  his  own 

1991  article  “When  Biotas  Meet:  Under¬ 

standing  Biotic  Interchange,”  in  Science, 

vol.  253,  pp.  1099-1104. 

“As  an  anthropologist,”  says  Eugenie 

C.  Scott  (page  10),  “I  have  done  field¬ 
work  in  rural  Kentucky,  in  Belize,  and  on 

Florida’s  Seminole  Reservation,  but  in  my 
present  job  I  work  in  the  fields  of  televi¬ 

sion  shows,  radio  talk  shows,  and  teacher 

conferences.”  Executive  director  of  the 
National  Center  for  Science  Education, 

located  in  Berkeley,  California,  Scott 

studies  the  activities  of  the  religious  right 

and  scientific  creationists  and  helps  teach¬ 
ers  around  the  nation  keep  evolution  at 
the  core  of  the  science  curriculum.  She 

finds  her  work  satisfying  but  is  often  dis¬ 
mayed  by  the  extent  of  scientific  illiteracy 
in  America.  For  additional  reading  she 

recommends  Science  and  Earth  History: 

The  Creation-Evolution  Controversy,  by 
Arthur  Strahler  (Buffalo:  Prometheus 

Books  Publishing  Co.,  1988);  The  Cre¬ 
ationists,  by  Ronald  Numbers  (New 

York:  Alfred  A.  Knopf,  Inc.,  1992);  and 
The  Creationist  Movement  in  Modern 

America,  by  Raymond  A.  Eve  and 
Francis  B.  Harrold  (Boston:  Twayne 
Publishers,  1990). 

By  day,  Tony  Holley  (page  42)  is  a 

partner  in  a  law  firm  in  Somerset,  Eng¬ 
land,  but  his  evenings  are  reserved  for 

watching  foxes  stalk  hares  in  the  nearby 

countryside.  The  foxes,  it  seems,  win  less 

often  than  most  people  imagine.  Holley 

qualified  as  a  solicitor  in  1954.  Almost 

forty  years  later,  in  1992,  at  the  age  of 

sixty,  he  completed  his  doctorate  in  zool¬ 
ogy  at  Durham  University,  working  first 

on  the  gulls  of  Bridgwater  Bay,  and  later 
on  the  behavior  of  the  brown  hare.  He 

writes  that  “hares  are  particularly  oblig¬ 
ing  subjects  for  a  researcher  who  is  also 

involved  in  a  full-time  nonscientific  pro¬ 

fession.  Virtually  the  whole  time  the  re¬ 

searcher  is  sitting  at  his  lawyer’s  desk 
during  the  day,  the  hares  are  lying  mo¬ 
tionless,  asleep.  They  become  active  just 

before  dusk,  when  the  researcher  can 

watch  them  comfortably  from  the  attic 

windows  of  his  country  home.”  For  the 
general  natural  history  and  folklore  at¬ 
tached  to  the  brown  hare,  Holley  recom¬ 

mends  The  Leaping  Hare,  by  G.  E.  Evans 

78  Natural  History  7/94 



Papua  New  Guinea 

Although  he  had  originally  planned  to 

write  a  dissertation  on  archeology  in  Ire¬ 

land,  Christopher  P.  Tourney  (page  4) 
was  so  disturbed  to  read  about  the  rise  of 

reation  “science”  that  he  decided  to  do 

in  ethnographic  study  of  the  modem  cre¬ 
ationist  movement.  A  book  based  on  his 

doctoral  research  has  just  been  published: 

God’s  Own  Scientists:  Creationists  in  a 
Secular  World  (New  Brunswick:  Rutgers 

University  Press,  1994).  Tourney,  a  visit¬ 

ing  lecturer  in  anthropology  at  the  Uni¬ 
versity  of  North  Carolina,  Chapel  Hill, 

also  teaches  at  a  maximum  security 

prison  in  Raleigh,  North  Carolina.  He  is 

currently  writing  a  book  on  science  in 

American  life,  including  theories  of 

ATDS/HTV  infection,  the  fluoridation 

controversy,  and  cold  fusion.  For  addi¬ 
tional  reading,  Tourney  recommends 

Anti-Evolution ,  by  Tom  Mclver  (Jeffer¬ 

son:  McFarland,  1988),  and  The  Evolu¬ 
tion  Controversy  in  America,  by  George 

E.  Webb  (Lexington:  University  of  Ken¬ 
tucky  Press,  1994). 

and  D.  Thomson  (London:  Faber,  1972) 

and  “Pursuit-deterrent  Signals:  Commu¬ 

nication  between  prey  and  predator,”  by 
O.  Hasson  in  Trends  in  Ecology  and  Evo¬ 

lution,  vol.  6,  pp.  325-29  (1991). 

In  1984,  when  astronomer  Li  Weibao 

(page  54)  compiled  the  astronomy  annals 

of  Yunnan,  he  discovered  the  customs  as¬ 
sociated  with  the  ancient  calendar  of  the 

Yi  people.  “These  traditions  were  on  the 

verge  of  disappearing,”  writes  Li,  “but  I 
felt  that  it  was  a  national  and  historical  re¬ 

sponsibility  to  preserve  them.”  Bom  in 
Yunnan  Province,  Li  earned  a  physics  de¬ 

gree  from  Beijing  University  in  1973  and 

then  an  advanced  degree  from  the  Uni¬ 

versity  of  Science  and  Technology  in 

Hefei,  Anhui  Province.  Lor  many  years, 

he  has  studied  sunspots  and  continues  this 

research  at  the  Yunnan  Observatory, 

along  with  additional  documentation  of 

the  history  and  culture  of  minority 

groups.  Chinese  history  and  classical 

poems  and  songs  intrigue  Li,  as  do  tradi¬ 
tional  Chinese  paintings  and  calligraphy. 

Unfortunately,  recommending  additional 

reading  about  the  Yi  calendar  in  English 

is  virtually  impossible.  Lor  those  who  can 

read  Chinese,  however,  Li  suggests  A 

Collection  of  Ancient  Chinese  Astronomi¬ 
cal  Phenomenon  Records  (1988),  pub¬ 

lished  by  Tiansu  Science  and  Technology 

Publishing  House. 

Explore 
Papua  New  Guinea 

Expeditionary  cruises  aboard  the  deluxe  Melanisian  Discoverer  to  the 

Sepik  River  &  Trobriand  Islands  in  combination  with  overland  adventures. 

SCUBA  DIVING  •  FLYING  SAFARIS  •  DELUXE  LODGING 

Melanesian  Tourist  Services 
The  only  way  to  see  Papua  New  Guinea. 

302  W.  Grand  Ave.,  Suite  10B 

El  Segundo,  CA  90245 

310/785-0370  FAX:  310/785-0314 

•  Papua  New  Guinea  • 

LARGEST  RAPTOR  CLAW! 

This  new  species  most  typifies  the  Velociraptors  in 

the  movie  “Jurassic  Park”.  Own  an  exact  replica  of 

the  original  9"  sickle  claw  which  is  on  display  at  the 
College  of  Eastern  Utah  Prehistoric  Museum.  Call 

to  Order  your  claw  now  or  send  for  free  literature 
on  this  and  many  other  museum  quality  fossil 

replicas: 

Approx  9"
 

Skullduggery 

624  South  B  Street 

Dept  NG4 TUstin,  CA  92680 

(800)  336-7745 

NEW 

LIGHTWEIGHT 

FOIBOT 
FREE  COLOR  CATALOG 

call  1-800-533- 
IN  CANADA  1-800-263-5099 

JUST  IMG  IT! 
Now  you  con  take  your  boat  with 

you  wherever  you  travel.  From 
>  a  rock-stable,  efficient  and 17'  touring  kayak  to  2 

compact,  good-looking 

w  bags,  there's  no  reason 

to  be  without  your 

k  boat  After  going strong  for  59 

years.  Folbots continue  to 

v  be  an  out- 

unding 

value. 

or  write: 
Folbot,  Inc. 
PO  Box  70877,  Dept.  NH 

Charleston,  SC  29415 

FACTORY  DIRECT 

PRICES  —  SATISFACTION  1 GUARANTEED 

Rare  Wood  Egg  Collecting 
Over  1 50  different 
woods  from  Africa, 

India,  Mexico,  Brazil, 
Middle-East,  Asia,  USA 

Send  $1.00  for  brochure  &  price  list. 

WOODS  OF  THE  WORLD,  INC. 
897 -B  North  Bend  Rd.,  Cincinnati,  OH  45224 

BAYMAN  BAY  CLUB 
Perhaps  the  most  beautiful  secluded 

resort  on  the  Bay  Islands" Fcxlor’s  Travel  Guide 

1-800-524-1823 
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professor  of  bio¬ logical  sciences at  Mississippi 

State  University, 

and  his  students 

have  monitored 

the  terns  nesting 

on  the  mall 

rooftops  and 

have  also  been 

actively  in¬ 
volved  in  efforts 

has  searched  for  evidence  of  the  ivory¬ 
billed  woodpecker  in  Cuba  (perhaps  the 

only  place  on  earth  where  the  bird  still 

exists)  and  is  now  in  the  field  in  Indone-  , 

sia.  He  has  edited  various  scientific  jour¬ 

nals,  including  The  Wilson  Bulletin,  and 

also  enjoys  bringing  science  to  lay  audi¬ 

ences.  A  frequent  contributor  to  Birder’s  \ 
World  magazine,  for  the  past  five  years 

Jackson  has  also  been  co-host  of  a 

weekly  television  nature  program,  “Mis¬ 
sissippi  Outdoors.”  He  is  the  coauthor, 
with  Judith  A.  Toups,  of  Birds  and  Bind¬ 
ing  on  the  Mississippi  Coast  (Jackson: 

Mississippi  University  Press,  1987).  For 
more  information  on  terns  in  general, 

readers  can  turn  to  a  popular  classic,  John 

Hays’s  Spirit  of  Survival:  A  Natural  and 
Personal  Histoiy  of  Terns  (New  York: 
E.  P.  Dutton  and  Co.,  1974). 

On  a  summer  day  in  1981,  Jerome  A. 

Jackson  (page  46)  stopped  for  lunch  at  a 
local  mall  and  noticed  the  unusual  least 

tem  traffic  there.  Since  then,  Jackson,  a 

to  protect  terns nesting  on 

beaches.  Jackson 

served  for  eight 

years  as  the  head  of  the  U.  S.  Fish  and 

Wildlife  Endangered  Species  Recovery 

Team  working  to  save  the  red-cockaded 
woodpecker  of  southeastern  forests.  He 

“Museums  can  tell  us  as  much  about 
the  people  (and  societies)  who  make 

them  as  about  the  subjects  they  were 

designed  to  explain,”  says  Robert 
McCracken  Peck  (page  62)  by  way  of 
explaining  how  he  became  interested  in 
the  American  Museum  of  Natural 

History.  As  Fellow  of  the  Academy  of 

Natural  Sciences  of  Philadelphia,  Peck 

has  the  enviable  job  of  chronicling  the 

collections  of  the  nation’s  oldest  continu¬ 
ally  operating  natural  history  museum. 

When  not  accompanying  Academy  re¬ 
search  expeditions  to  Asia,  Africa,  or 
South  America,  Peck  lectures  and  writes 

articles,  grant  proposals,  and  books — his 
subjects  have  included  John  James 

Audubon,  Louis  Agassiz  Fuertes,  and 

William  Bartram.  Next  year  he  will  take  a 

temporary  leave  of  absence  from  the 

Academy  for  a  fellowship  at  Harvard 

University,  where  he  will  study  the  life 

and  art  of  Edward  Lear  (1812-1888). 
For  further  reading,  Peck  recommends: 
Dinosaurs  in  the  Attic,  by  Douglas  J. 

Preston  (New  York:  St.  Martin’s  Press, 1986),  The  City 
That  Never  Was, 

by  Rebecca  R. 
Shanor  (New 

York:  Penguin 
Books,  1991), 

and  The  Park 
and  the  People, 

by  Roy  Rosen- zweig  and  Eliza¬ beth  Blackmar 

(Ithaca:  Cornell University  Press, 1992). 

Will  Troyer  (page  76)  poses  with  his 
canoe  on  the  Katmai  Peninsula,  where  he 

photographed  the  bear  digging  clams  for 

this  month’s  “Natural  Moment.”  Troyer 
received  his  B.S.  and  M.S.  in  wildlife 

management  from  Oregon  State  College 

in  Corvallis,  and  Montana  State  Univer¬ 

sity  in  Missoula,  respectively.  After  grad¬ 
uating  in  1952,  he  immediately  headed 

for  Alaska,  where  he  has  worked  as  a  bi¬ 

ologist  ever  since — including  twenty- 

three  years  with  the  U.  S.  Fish  and  Wild¬ 
life  Service  and  seven  with  the  National 

Park  Service.  In  his  early  years,  Troyer 

was  one  of  a  few  biologists  working  on  a 

diversity  of  species  in  the  remote  regions 

of  the  state.  He  pioneered  techniques  for 

trapping  brown  bears  for  scientific  study 

(at  first  using  a  bucket  of  ether  over  the 

animal’s  head).  Troyer  has  also  conducted 
studies  of  caribou,  moose,  Dali  sheep, 

bald  eagles,  and  trumpeter  swans.  After 

his  retirement  in  1981,  Troyer  and  his 

wife,  LuRue,  spent  two 

and  a  half  years  build¬ 

ing  a  log  home  near  the 
Kanai  Mountains, 

“where,”  he  says,  “I  can 
watch  Dali  sheep  and 

mountain  goats  from 

my  deck.”  He  keeps 
busy  with  photography, 

binding,  fishing,  and 

hunting,  but  confesses 
to  leaving  his  beloved 
Alaska  during  the  short 

winter  days  of  Decem¬ 
ber  and  January  to  pho¬ 

tograph  wildlife  in  such  warm  climes  as 
Africa  and  Australia.  To  photograph  the 

bear  digging  clams,  Troyer  used  a  Nikon 
camera  with  a  600mm  Nikon  lens. 
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Your  heart  beats 

faster.  Your  spirits 

soar.  You’re  giddy  with 

excitement.  (And  you’ve  mere¬ 
ly  seen  the  skyline.) 

For  a  week,  a  weekend,  or 

even  a  day,  you’re  going  to  be  a 
part  of  it.  New  York,  New  York. 

This  summer,  there’s  more 
than  ever  before  waiting  to  melt 

those  little- 
town  blues 

away. 

To  tell 

you  everything  that’s  going  on 

Have  you  ever  said,  “One 

day  I’ll  eat  in  the  best  restau¬ 

rants  in  New  York”?  Now  you 
can.  Whether  you  fancy 

Northern Italian, 

Southern 
French, 

or  a  steak 

worthy  of  the  Old  West,  you 

can  have  a  full-course  lunch 

for  just  $19.94.  And  you 

guessed  it  —  the  details  are 
in  the  guide. 

Even  if  you’re  just  looking 

REKINDLE  YOUR  LOVE  AFFAIR 
WITH  NEW  YORK. 

(OUR  NEW  GUIDE  WILL  PROVIDE  A  FEW  SPARKS.) 

©  1994  New  York  State  Department  Of  Economic  Development.  Photo %  courtesy  of  The  Stock  Market,  Richard  Berenholz,  Alan  Schein,  Russell  Ingram,  Claudia  Parks. 

in  New  York  this  summer, 

we’d  need  a 

48 -page 
brochure. 

Luckily,  we 

happen  to 

have  one 

on  hand. 

Our 

free  NY’94  Guide  is  your  per¬ 

sonal  guide  to  an  exciting  sum¬ 

mer  in  the  world’s 
most  exciting  city. 

Looking  for 

details  about  the 

special  summer 

programs  in  our 

world-famous  parks,  museums 

and  attractions?  They’re  in 

the  guide.  Want 
dates  for  free 

Shakespeare  in 

the  park?  They’re in  the  guide. 

You’ll  read 

about  spectacular 

shopping,  includ¬ 

ing  everything  from  high- 
fashion  to 

high-tech. 
About  the 

world’s finest  hotels.  And  about  what’s 

i  happening  amidst  the 

bright  neon  lights 

of  Broadway. 

for  the  wheres  and  hows  of  New 

York  favorites, 

like  the  Statue 

your  service. 
To  get  your  free  copy, 

just  callus  at  1-800 -9NY-CITY 
(1-800-969-2489), 

extension  204. 

We  think  you’ll find  that  the  guide 

makes  for  some  excellent  sum¬ 
mer  reading. 

OUR  LIST  OF  EVENTS  IS  AN  EVENT  ITSELF. 

•Staten  Island  Art 

Exhibition  (June-Sept.) 

•  Mostly  Mozart  Festival 

(July-August) 

• Free  Shakespeare 
in  Control  Park 

(July-August) 

•Broadway  Week 

(7/11-7/15) 

■Harlem  Weeks  (H/hH/21) 

•Lineal n  Center  Out  of 

Doors  (8/5-8/23) 

•US  Open  Tennis 

Tournament  (8/29-9/11) 

•Jamaica  Arts  CerUer- 
The  Kenyan  Experience 

(Septerrujer-  October) 
•Big  Apple  Balloon  Test 
in  Central  Park  (918-911) •'Hie  Film  Satiety  of 

Lincrjln  Center-The 
New  York  Him  /• estival 
(9/2/1-10/9) 

'Sports  Week  (10/3-10/7) 

Exhausted  yet?  There’s  more  in  the  NY’94  Guide. 

of  Liberty  or  the 

Empire  State 
Building,  the 

NY’94  Guide  is  at 



Qiitrodaemg  mm  JCtuLak  d^oiiaiddjotd  jilrn  . 
Royal  Gold  film  means  microfine  grain,  for  extra  sharpness  and  clarity.  This  is  the  one  film  to  use  for  your  most 

important  shots-the  ones  you'll  want  to  enlarge  or  frame.  Available  in  25, 100, 400,  and  1000  speeds. 

A  Kodak  Moment, 

Royai 

/Gold 

film 

FOR  THE  MOMENTS  THAT  MATTER  MOST. 


